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Seetion 1
SUMMARY
There is evidence that forward radiated fan noise data taken during static test
situations do not agree with aircraft engine flight data. In particular, static tests
generally produce a significantly higher tone at blade passage frequency than that
measured during flight. The present report describes an experimental program carried
out to investigate two types of inlet disturbances which may be partially responsible for
this discrepancy—large-scale turbulence and inlet vortices.
The anechoic chamber employed for these tests nominally drew air through the
floor, ceiling, and all walls (except the wall in the immediate vicinity of the fan inlet
duct). The baseline chamber was thus designed to provide a purous-box type of
arrangement. Far-field acoustic measurements were made to determine the baseline
forward radiated fan noise. In addition, a pair of cross-element hot-film probes
provided measurements of the axial and transverse mean velocities and turbulence
intensities of the inlet flow field ahead of the rotor. One of the hot-film probe was
mounted on an actuator which allowed circumferential ..,apping around a 180 arc
within the inlet. Similarly, inlet flow field mappings ahead of the rotor were carried
out while the artificially created inlet vortices or large-scale turbulence were present,
to determine the change in the flow and turbulence structure caused by these
distortions. The extent of the influence of the artificially created inlet disturbances on
the measured forward-radiated fan noise was obtained by direct comparison of their
far-field acoustic results with the baseline measurements.
Far-field acoustic results indicated significant increas e (up to 4 dB) in the blade
passage tone levels for subsonic tip speeds when the distortions were present. The noise
level changes were insignificant at supersonic speeds because of the domination of
multiple pure tones.
The ground vortices were generated by installing a simulated ground plane
directly beneath the fan inlet. The hot-film results obtained with this arrangement
clearly showed the orientation and location of the incoming ground vortices and the
associated increases in both axial and transverse turbulence intensities.
The large-scale inlet turbulence was achieved by eliminating the porous-box
feature of the test chamber. Turbulence length scales were increased by a factor of 2
to 4 with this arrangement. Further analyses of the hot--film data showed evidence of
the eddy stretching which usually occurs during static testing.
Substantial inlet distortions were also detected during the testing of the baseline,
porous chamber configuration. These disturbances were attributed to a reverse flow
that occurred on the exterior cowl of the test setup. Because the baseline was
contaminated in this manner, the increased noise levels due to the intentionally
generated disturbances were not as great as they otherwise might have been. In a
follow-up program, an attempt is being made to eliminate the disturbances related to
the exterior cowl.
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Section 2
INTRODUCTION
The initial rnensurement of the rtcoustic signature of a dcvelopm p nta1 aircraft
engine is commonly made during €t static test Situation. It is then normal procedure to
use these data to project to an in-flight situation in order to precliet the m-trrrrl tluiso
level during flight conditions. However, it has been e-,tahlishod (Fiefs. 1-3) that, even
with rill known corrective factors (e.g., dynamic affect and atmospheric attenuation)
applied to the static measurements, projections of forward rudbtted noise based on
static tests are €3t variance with actual aircraft engine flight dnt€t. An exar71ple of such
a projection (Fief. 1) is ?own in Figure 1, where (;eneral Rlectric CFA-t; ground statie
engine data were ?Ised to predict the M- 10-10 flight sound pressure levels. In the
forward (inlet) quadrant, such as the approach condition shown in Figure 1, r) significant
discrepancy occurs. In particular, the static tests generall y vieid a significantl y noisier
blade-passage-frequency (BPF) tone and higher (harmonic) frequencies than are €?ctually
measured in flight. The difference at RPF for the low power setting shown in Figure 1
is about 8 (M. At higher speeds (takeoff conditions) the effect is gencrni1v less, rthout 2
to 4 d13. Since it is helieved that the fan inlet noise is heing reduced in going from
static to flight conditions, earlier :assessments of fan inlet noise hased on static d.tt€t
have probably been misleading.
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Figure 1. Comparison of Flight and Projected Static Inlet Noise Spectrrt(1)
There are several aspects to the impact of the incorrect evaluation of fan inlet
noise levels in aircraft engines. For instance, some potentially worthwhile fan source
noise reduction concepts may have been gi.en less consideration than they deserved, or
been actually abandoned, because the noise generation during static test was dominated
by a source not present in flight. Some source noise reduction concepts, such as the
proper selection of vane-blade ratios, increased vane-blade spacings, and vane lean, rely
heavily on reducing the rotor -stator interaction as a source noise mechanism (Ref. 4).
However, some negative reaction to these methods of source noise reduction may have
resulted because, when they were tested Statically, the fan inlet noise was dorinated by
the interaction of the rotor with inlet disturbances, rather than rotor-stator interaction.
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A further disturbing ramification of the static-to-flight noise level discrepancy is
the possible misuse of engine development funds due to the improper identification of
the source of a noise problem. This might result in the investigation of a problem when,
in fact, none exists.
There may be an initial opposition to all static engine acoustic tests based on the
above considerations. Yet the static test remains a necessary ingredient in any fan
noise reduction program, for practical as well as economic reasons. Therefore, instead
of eliminating all static acoustic tests, it is important to explore and remove the causes
of the static-to--flight discrepancy, with the objective to gi •
 a more certainty to aircraft
engine flight noise projections. Several methods of s.mulating flight in a static
situation have been attempted (Refs. 5, 6) but to date each one seems to have its own
drawbacks.
Several explanations have been given for the decrease in fan inl(.t noise level
during flight, the so-called "in-flight effects." (The commonly used expression "in-flight
effects" is actually misleading; it is the increase in noise levels during static tests, not
the decrease during flight, which causes the static-to-flight discrepancy.) These
explanations all relate to the widely accepted belief that the inlet flow disturbances
that are ingested by the engine and interact with the rotor while it is being tested
statically, leading to rotor interaction noise, do not occur or are greatly reduced during
flight. Cumpsty and Lowrie (Ref. 7) demonstrated that the alteration in character of
inlet disturbances with forward speed can indeed produce significant in--flight reductions
of BPF tones compared with the levels recorded during static tests. Several sources
have been commonly suggested for the inflow disturbances during ground static tests
(Figure 2): wakes shed from test-stand supports; ambient air turbulence (including wind
disturbances); and ground vortices.
TISI tiIAND	 y
• SUPPORTS t`` }11 1
f	
I
AMBIENT AIR
	 "^►
TURBUI ENCE
i
AIRFLOW IN I I IGHT
I
GROUND tali rICEs
Figure 2. Inlet Flow Disturbances Which Occur During Ground Static Tests
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Many researchers (Refs. 8-14) have suggested how one or more of these
disturbances can lead to increases in the BPF pure tine and its harmonics. It was
observed during ground static tests carried out at NASA l,ewis Research Center (Ref. 8)
that wakes shed by support structures can lead to substantially higher BPF tone levels.
Essentially the same fan was tested in rear drive and front drive. During the front-
drive installation, distortion of inlet airflow by a test-stand support structure resulted
in more nonuniform inflow. Accompanying far-field acoustic measurements indicated
more than a 10 dB increase in fan-generated BPF tone sound pressure level (SPL) above
the cleaner rear-drive installation.
An investigation carried out at NASA Ames Research Center (Ref. 4) indicated
the significance of the role played by the length scale of fan inlet turbulence on rotor-
generated noise. It was found that the reduction of the ambient turbulence length scale
to less than one rotor pitch was accompanied by approximately a 10 dB reduction in the
sound pressure level of the BPF tone and its first harmonic. Hanson (Ref. 10— 12) has
pointed out that, when an engine is being tested statically outdoors, ambient air is being
drawn into the inlet from all directions as in classical sink flow. Therefore,
atmospheric turbulence eddies, which are initially almost isotropic, are stretched into
long, thin "sausages" of turbulence (Figure 2). Hanson has been very successful in
measuring such disturbances.
These stretched eddies appear to the rotor as almost steady distortions and are a
highly effective mechanism of noise generation as they interact with the rotor. This
noise mechanism does not exist during flight, since air ingested by the engine originates
in a comparatively small cylindrical tube ahead of the inlet, with minimal eddy
stretching (Figure 2, inset). Additional experiments at NASA Ames, carried out in a
wind tunnel in an attempt to simulate the effects of flight, further demonstrated the
importance of inflow turbulence on fan inlet tone noise (Ref. 5). Again, an increase in
the turbulence length scale was accompanied by an increase in the blade-passage-
frequency SPI ^ level.
Ground vortices, when they exist, can also produce a type of almost steady inlet
distortion on the rotor. The existence and strength of ground vortices depend on such
factors as inlet height above the ground and ambient wind conditions. The impact which
the:.ie ground vortices have on fan inlet noise is likely to be similar to the influence of
the stretched inflow turbulence described above. This has recently been demonstrated
by Hodder (Ref. 14).
The experimental program described in this report was performed at General
Electric Corporate Research and Development in order to further investigate some of
these possible causes for the static-to-flight noise discrepancy and help answer the
fundamental question of in-flight cleanup. The main objective of this program was to
provide data which would determine the extent of the influence of inlet ground vortices
and large-scale turbulence on the forward radiated fan noise measured at a static test
facility. An aerodynamic investigation of fan inlet disturbances was performed in
conjunction with acoustic measurements. While inlet ground vortices or large-scale
inlet turbulence were being generated intentionally in an anechoic test chamber, far-
field noise measurements were taken. In addition, by means of a specially built
actuator device, circumferential and radial mappings of the inlet were carried out with
hot-film equipment in order to determine the change in the inlet flow caused by such
inflow disturbances.
.A
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Section 3
TEST DESCRIPTION
TEST FACILITY DESCRIPTION
The test program was conducted in an aneehoic chamber at the Aero/Acoustic
Laboratory of General Electric Corporate Research and Development, in Schenectadv,
New York. Figure 3 is a schematic diagram of the facility, and Figure 4 is a photograph
showing the inside of the facility. This aneehoic chamber was carefull y designed to
simulate free-field acoustic operation. All walls, floor, and ceiling care covered with an
arrav of 0.71 m (28 in.) high polyurethane foam wedges, to provide less than + 1 0113
standing wave ratio at 200 Hz. A distinguishing feature of the facility is that the walls,
floor, and ceiling are porous. This porous-box arrangement is achieved by a nlanifolding
system whereby flow is distributed from a filter house through 15.2 cm (6 in.) deep, U-
shaped channels surrounding the chamber. The array of foam wedges is secured to the
tops of the channels, and airflow enters the chamber by passing through small openings
between the wedges. 	 Such an aspirating chamber nrrangetnent is intended to
significantly reduce inflow distortion to the fan. The aneehoic chamber is
approximately 10.7 m ( 35 ft) wide by 7.6 m (25 ft) long by 3.1 m (10 ft) high, measured
from the tips of the foam wedges.
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Figure 3. Schematic of the Aero/Acoustic Laboratory
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Figure 4. Overall View of the Acro/Acoustic Laboratory
The test vehicle used in this investigation was the NASA Lewis 0.504 in (20 in.)
diameter fan model designated as Rotor 11. The stator set and easing were
manufactured by General E,ectric. The overall stage has the design charneteristics
indicated in Table I and the fan performance map is shown in Figure 5. This test
vehicle supplied both the air flow and sound source.
The fan inlet was a cylindrical hardwall duct with a length-to-diameter ratio of
approximately 0.8. A vehicle layout drawing is shown in Figure 6. All eOnfigurntions
were tested with the standard GE bellmouth, shown in Figures 4 and 6.
INSTRUMENTATION
Both acoustic and aerodynamic measurements were made. The former involved
anechoic chamber far-field noise measurements, which were provided by an array of
twelve 0.635 cm (0.25 in.) diameter far-field microphones (B&K 4135) located on a
5.2 m (17 ft) radius arc, centered one rotor diameter upstream of the rotor front face.
The microphones were arranged at lo o
 interv,3ls from 0 0
 to 110 0 relative to the fan
centerline (see Figure 3).
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Table 1
TEST FAN STAGE DESIGN CHARAC" I'ERISTICS
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Figure S. Test Vehicle Fan Performance Map
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Figure 6. Test Vehicle Layout
Aerodynamic measurements were taken to determine the fan performance. The
instrumentation included four total pressure/total temperature five-element rakes,
located downstream of the stator, and a 0.56 m (22 in.) diameter orifice in the diseharge
piping to measure pressure ratio and mass flow.
Inlet turbulence was measured to provide radial and eircurnferentinl mappings of
the flow approaching the rotor. Axial and transverse inlet velocities and turbulence
levels were measured by cross hot-film probes (X-probes). Two X-probes were
employed simultaneously during each test. One probe was mounted on a motor-driven
actuator mechanism which, after installation on the test vehicle and calibration, wrr,
capable of being remotely rotated circumferentially over slightly more than 180 0
 to
within + 1 0
 accuracy. This actuator mechanism is indicated in Figure 6 and shown in
the pho-fographs presented as Figures 7 and 8. The angular location of the rotating hot-
film probe was measured by a potentiometer. The second X-prohe was mounted on a
fixed retainer on the shroud wall (Figure 8). The hot-film probe retainer rind the
circumferential actuator system could be incorporated into the inlet outer wall ,t anv
desired angular orientation. During the test prWram, however, the stationary probe
was used as a reference and located at 9 = 150 , forward-looking-aft (FLA), near the
bottom of the inlet (see Figure 6). The rotting hot-f ilm prohe was movable with
respeSt to the 6efer nee probe from 0 = 82.5 to 262.5 FLA or, in some eases, from
112.5 to 292.5 FLA. The stationary and the rotating probes were positioned at 6.9 ern
(2.7 in.) and 11.4 cm (4.5 in), respectively, upstream of the rotor force. Both probes
were indexed manually to various radial immersions in 0.635 em (0.25 in) steps. This
radial indexing could be done only while the vehicle was sitting at idle speed or shut
down.
TEST PROCEDURE
Three chamber configurations were tested. These can be descrihed briefly as
follows:
LQ
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Figure 7. Instrumentation Probe Support and Circumferential Actuator System
Figure S. Instrumentation Probe Support and Circumferential
Actuator System Installed on Test Vehicle
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a. Rotor 11 was first tested ill L'le Aero/Acoustic Laboratory in what is referred to
as the baseline configuration. All walls, floor, and ceiling of the anechoic
chamber were aspirating and the standard hardwall inlet installed (Figure 6).
This configuration was tested tit the beginning and near the end of the test
program.
b. In order to investigate the effect of an incoming ground vortex on the inlet noise
of the fan stage, two configurations were tested with a 2.44 m by 2.44 m (8 ft x 8
ft) simulated horizontal ground plane situated beneath the fan inlet (see Figures
9 and 10). The air inflow manifolding to the anechoic chamber floor was blocked
during the testing of these configurations. It was found that an auxiliary blower
providing a crosswind was not necessary to trigger the ground vortex. The
condition for the generation and ingestion of the strongest ground vortices was
determined to be with the ground plane situated as close as possible to the inlet
belimouth. This corresponded to Z/D = 0.9, where Z = height of the inlet
centerline above the ground plane, and D = inlet diameter. A schematic diagram
of this test configuration is shown in Figure 9 and a photograph in Figure 10. The
fan was also tested with the minimum Z/D ratio and, hence, the strongest vortex
that might be encountered in normal aircraft engine operation. An A300B Airbus
with a CF6-50C engine was geometrically simulated with respect to the ground
plane. With the aircraft at rest, the engine inlet centerline is Z = 1.16D above
the ground. Therefore, for the 0.504 m (20 in.) diameter inlet being tested, the
simulated ground plane was situated 0.59 m (23.2 in.) below the fan centerline.
This situation also is indicated schematically in Figure 9.
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Figure 9. Schematic of Simulated Ground Plane Locations
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Figure 10. Simulated Ground Plane Installed in Anechoic Chamber
for Z/D = 0.9 Configuration
c. Finally, Rotor 11 was tested with the anechoic chamber modified so that flow
was admitted only through the doors leading from the filter house (see Figure 3).
All manifolding to the floor, ceiling, and walls was blocked. It was expected that
with this method of airflow entrance into the anechoic chamber, the axial scale
of the flow turbulence structure into the fan would increase.
Aerodynamic measurements were taken prior to measuring other test data. The
conditions for these tests are shown in the fan performance map presented as Figure 5.
Each of the configurations described above was tested at the wide-open (DV = 0)
discharge valve throttle setting (see Figure 5). A test point was reached by adjusting the
fan speed to achieve the correct operating point on the fan perform tnce map. The proper
physical fan speed was determined as a function of ambient tempe. , ature to assure that
each test point was at the appropriate corrected fan speed.
Hot-film data were measured at two fan speeds: 69% and 86% corrected speeds.
The lower speed (subsonic tip speed, U = 293 m/sec [ 962 ft/sect ) is typical of approach
conditions; the higher speed (superso& tip speed, U = 365 m/sec [ 1199 ft/sec 1) is
typical of takeoff conditions for current CTOL engines T Hot-film data were recorded for
post-test analyses (auto- and/or cross-correlations) only where deemed necessary. During
hot-film measurements, the stability of test conditions and instrumentation drift were
checked at several repeat points at different times.
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For each hot-film test, preliminary on-line circumferential mappings of mean
velocity and turbulence intensity in the inlet ahead of the rotor were obtained at several
radial positions between the shroud wall and the centerbody (stationary and movable
probes at the same radius). Based on the results of these preliminary axial and transverse
mean flow and turbulence level measurements, two radial immersions were selected --
12.7 cm (0.5 in.), and 3.81 cm (1.5 in.) --- at which-to record hot-film measurements for
each test condition on magnetic tape for off-line data analyses. These immersions were
characteristic of boundary-layer and free-steam flo. respectively.
Acoustic test points included 54, 69, 86, 90, and 100% corrected speeds. The three
lowest speeds were selected sty that the corresponding blade passing frequencies would lie
near the centers of the 6300, 8009, and 10,0(0 Hz 113-octave bands, respectively, for
operating conditions in the -5 to 30 C (23 to 86 F) ambient temperature range, which was
encountered during the test period. Far-field acoustic data repeat points were taken at
69% and 86%, and the data were found to be very repeatable. All acoustic data to be
presented for 69% and 86%, therefore, will represent the average of two readings for each
configuration. No inlet probes were installed during measurement of any far-field
acoustic data.
In addition to the above aerodynamic and acoustic measurements, some flow
visualization, using freely moving tufts, was used to determine the general character of
the inlet flow and, in particular, the existence and character of any ground vortices or
other flow disturbances in the neighborhood of the fan inlet. These were videotaped for
post-test comparisons and analyses.
DATA RECORDING AND REDUCTION
Fan operation was stabilized to steady state before initiating any data recording.
After stabilization, the following operational parameters were logged:
• Inlet Configuration
• Barometric Pressure
N Run Number/Reading Number
• Date/Time
• Chamber Pressure and Temperature
• Rotor Speed (rpm)
• Discharge Valve Position
9 Shaft, Gear, and Casing Vibrations
• Bearing Temperature
Basic pressure data were individually sampled through use of a 48 channel Scanivalve
system. Temperature data were sampled directly through a Hewlett-Packard (HP)
crossbar scanner and digital voltmeter.
The hot-film probes were calibrated prior to the start of the test series, prior to the
start of each new configuration, and whenever a change in a probe characteristic was
noticed. A schematic of the hot-film anemometer arrangement, its data acquisition and
reduction systems, is shown in Figure 11. The signals from an X-probe, A and B, were
linearized via a dual channel TSI model 1054 anemometer, then input to a TSI model 1063
14
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Figure 11. Block Diagram of Hot-Film Measurement System
for Stationary or Movable Probe
sum-difference module. The sum (A+B) and the difference (A-B) outputs from the sum-
difference module represented respectively the axial (U) and the circumferential (V)
velocity components of the flow. The interpretation of the circumferential velocity
direction from the (A-B) measurement is shown in Figure 12 (a). The vortex patterns
indicated in Figure 12 (b) will be explained later. Calibrations of the X-probes up to 150
m/sec (500 ft/sec) with a standard ASME nozzle flow were performed on each hot-film
individually, followed by the sum-difference module outputs. The hot-film signals were
analyzed on-line for system check and preliminary observations and reduced off-line for
extensive analyses.
The mean axial velocities from both X-probes were much higher than the
circumferential velocities during inlet turbulence measurements. Therefore, a do
suppression arrangement was made with a pair of Tektronix AM2 differential amplifiers to
reduce the do level of these axial velocity measurements. The do suppression system wQe
designed to preserve the low frequency signals in the hot-film measurements as opposed to
a regular ac coupled system. The do suppressed axial and the circumferential velocity
components, measured by the fixed and rotating X-probes, were recorded on magnetic
tape for off-line data reduction. A "no flow" and a one-volt calibration signal for each
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probe were recorded on each reel of instrumentation tape containing hot-film data. At
each recorded hot-film data point, A + B (axial) and A - B (circumferential) dc-suppressed
rms signals were recorded for both probes simultaneously at 30 inds for approximately 3-
1/2 minutes. The Sangamo Sabre IV model 4918 tape recorder had 20 kHz capabili^ , in the
FM mode at 30 in./s.
A B
^X
1'
V
(A-B) < 0
AXIAL
VELOCITY
U-(A+B)	 A	 B
TRANSVERSE
VELOCITY
V-(A-B)	 Ili
Z_v -
(A- B) >0
"X"-ARRAY HOT FILM DIRECTIONALITY
(a)
CENTER BODY
i
1800
GROUND VORTEX VISUALIZATION VIA
CIRCUMFERENTIAL VELOCITY MEASUREMENTS
(b)
Figure 12. Interpretation of X-Probe Hot-Film Velocity Measurements
Four types of information were obtained from the data reduction system: 1) mean
velocities, 2) turbulent velocities, 3) integrated turbulence length scales, and 4) turbulence
power spectra. The first two quantities were usually obtained on-line, using do voltmeters
and rms meters. The outputs from the do voltmeter and rms meter represented the mean
and turbulent velocities, respectively. These were plotted on an X-Y,Y plotter (Mosely
model 136A X-Y,Y recorder), with X representing the hot-film circumferential position.
A pair of low-pass filters set at 5 kHz cutoff frequency were used at the inputs to the do
voltmeter and rms meter to reduce the noise on the signal. During production of these on-
line velocity plots, a time constant of 0.1 second was used on both meters to keep up with
the scanning speed of the moving hot-film probe. During off-line analyses, however, a
time constant of 10 seconds was used for turbulent velocity measurements.
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The integrated turbulence length scales were obtained from the auto- and cross--
correlation measurements of the fixed and rotating hot films. The correlation
measurements were performed by means of a Saicor model 43A Correlator. The
turbulence length scales were obtained on the basis of the usual assumption that the
autocorrelation function was an exponential function with respect to delay time. Space-
time cross-correlation measurements were performed only on the Z/D = 0.9 ground plane
configuration. Turbulence power spectra were measured in the HP5451-A Fourier
analyzer. Much attention was given to the signals at low frequencies (below 10 Hz) which
were expected to correspond to the inlet disturbances.
An electrostatic calibration of the acoustic data acquisition system was performed
prior to starting the test series. In addition, all far-field microphones were calibrated
with a piston phone, and the calibrations were recorded on each reel of instrumentation
tape containing far-field data. Prior to the test series and whenever an instrument was
replaced, microphone serial numbers, amplifier serial numbers, monitor scope numbers,
and their respective tape tracks were recorded.
The acoustic data from the far-field microphones were recorded simultaneously at
60 in./s for one minute at each data point. The 28 track Sangamo recorder used (Sabre IV
model 4918) had a 40 kHz capability in the FM mode at 60 in./s.
Forward radiated SPL and PWL noise spectra were obtained. Basic microphone
acoustic output was 1/3-octave bands from 100 Hz to 80 kHz. The 1/3-octave analyzer
was a General Radio model 1927. real-time analyzer whose digital output was put on a
magnetic tape by the HP 2100 computer system. A final step was scaling the data to
standard day conditions (590F, 70% relative humidity), using the CRD 635 computer.
17
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Section 4
TEST RESULTS
HOT FILM RESULTS
An unfortunate but significant aspect of the test setup was discovered during the
hot-film mappings of the baseline configuration. Each of the types of inlet disturbances
specifically tested (ground vortices and large-scale turbulence), in addition to wakes shed
from test-stand supports (Figure 2), is more likely to be present at an outdoor test facility
than in a carefully designed indoor test chamber. However, the baseline experiments
carried out during this program demonstrated that such anechoic chambers have yet
another source of inlet distortions. These disturbances can be classified as those arising
from the "upstream" flow along the exterior cowl as ambient air is drawn into the inlet
from all directions (Figure 13). Such disturbances may be caused by instrumentation
leads, probe supports and actuators, and flanges. These types of distortions may also
occur in outdoor test facilities; but during indoor anechoic chamber tests, in the absence
of those disturbances occurring outdoors, these distortions can become important to inlet
noise generation.
:r
	 r
i^	 FLANGES
	 x
)	 PROBE ACTUATOR
lb,.
-.
r
r. INSTRUMENTATION LEADS
R-.
Figure 13. Inlet Disturbances Arising Along the Exterior Cowl
as Ambient Air is Drawn into the Inlet
Evidence of such exterior-cowl-related disturbances are shown in Figure 14, where
inlet hot-film mappings are shown for the baseline chamber arrangement. The 180 0
location shown in all such figures as Figure 14 was the bottom center of the inlet.
Distortions originating from the circumferential actuator motor support (seen at the top
of the photograph in Figure 7, but located near the bottom of the inlet during testing) and
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a .
 V-retainer flange coupling bolt are indicated in figure 14 (a) and N. A conventional
radial actuator was added between these disturbance sources during a second
circumferential mapping; the influence of its wake is clearly Seen in the data shown in
Figure 14(b). (A pair of these radial actuators is seen at 90 an
	
o
d 180 in Figure 4, a
photograph taken during an earlier program.) Freely moving tufts were attached to each
of these protuberances, and there was clear visual evidence of wakes being shed by them
as flow passed upstream over them toward the inlet.
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Figure 1 .1. Baseline Configuration Circumferential Hot-Film Mappings
Showing Wakes Shed by Several Disturbances
on Exterior Cowl (corrected speed, N/ 0 =1000>K;
mean velocity, U =145 m/sec; hot-film probe
immersion = 1.27 cm)
One obvious ramification of these results is that, whenever an actuator is used for a
hot-film probe during n static test, care must he exercised to assure that the inlet flow
fluctuations being measured are not directly attributable to the actuator, its support, or
even the probe stern itself. .Although these fixtures are outside the inlet, they are directly
in line with the upstream flow along the exterior cowl, which passes into the inlet and
over the sensor.
Figure 15 (a) and (b) show scanning plots of the on-line circumferential mean and
turbulent velocities, respectively, at the Z/D = 0.9 ground plane location for 69% speed.
The abscissa is the angular location, 0 , of the rotating hot-film probe. Velocitv traces
were obtained at various radial immersions from the outer wall of the inlet section. The
existence of a ground vortex pair can be seen clearl y in these two sets of velocity and
turbulence traces. First, the mean circumferential velocities at the 0.635 cm (0.25 in.),
1.27 em (0.50 in.), aid 2.54 cm (1.0 in.) immersions were found positive on one side of the
bottom center (180 ) and negative on the other. Based on the direction interpretation
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shown in Figure 12(a), the flow moved in opposite directions on either side of the
bottom center. As the hot-film immersion increased from 2.54 em (1.0 in.), toward
inlet centerline, to 7.62 cm (3.0 in.), the transverse velocities reversed their directions.
A sketch of this measured velocity orientation observation is shown in Figure 12 (b).
A pair of ground vortices easily fits into, the explanation of this observation.
Further evidence for the ground vortices can be deduced from the turbulent velocity
plots shown in Figure 15(b). High turbulence is observed where the vortices are
identified from the mean velocity plots. Slight dips in the turbulent velocity
measurements near the middle of the high turbulence areas are indications of the
existence of the vortex centers (0.635, 1.27, and 2.54 em { 0.25, 0.50, and 1.0
in.] immersions); these are indicated by the arrows in Figur& 15(b). One vortex was
centered near 135 , FLA, while the other occurred near 225 . The swirl direction of
the vortices deduced from the hot-film velocity scans agreed with the observation of
tufts on the ground plane. At distances greater than 3.81 cm (1.5 in) from the outer
wall, the turbulence and the mean circumferential velocity gradually diminish. The
edge of the ground vortices appears to be situated near the 7.62 em (3 in) immersion
location.
The vortices can also be seen from the corresponding axial velocity and
turbulence plots shown in Figures 15(c) and (d). At the vortex, the mean axial velocity
always showed a decrease except near the vortex center. This can be attributed to the
momentum transfer from the axial direction to the radial and circumferential direction
due to swirling motion of the vortices. The turbulence maxima of the axial velocity
were found at locations similar to those obtained in the corresponding circumferential
velocity plots. Again, there were definite minima within the high turbulence regions
which were indications of the vortex centers. The amplitudes of the maxima of the
axial and circumferential velocity turbulence were found peaked at about 2.54 cm (1 in.)
and 3.81 cm (1.5 in.) immersions. The amplitudes of the axial turbulent velocity
maxima were about twice those in the circumferential direction. However, the axial
velocity measured by (A+B) of the X-probe also contains the radial velocity.
For the inlet flow configuration, both mean and turbulent velocities in the radial
direction should be of the same magnitude as those in the circumferential direction.
Thus, the mean axial velocity was close to the measured mean sum (A+B) from the X-
probe because the mean radial velocity was much smaller than the axial velocity. For
the turbulence measurement, the radial turbulent velocity was the same magnitude as
the axial turbulent velocity. When the radial component was separated from the sum
(A+B) turbulence measurement, the amplitudes of the turbulent velocity maxima were
found about the same in axial, radial, and circumferential directions.
At 86% speed and Z/D = 0.9, a similar ground vortex pair was observed from on-
line hot-film measurements and tuft motion. However, the hot-film measurements at
this supersonic tip speed condition contained significant multiple pure tone noise
(MPTs). The MPTs were so dominant in the measurements that these data points were
not analyzed beyond on-line velocity scanning.
On-line velocity plots were also made at 69% speed when the ground plane was
moved to the Z/D = 1.16 position. Results were obtained similar to those shown in
Figures 15(a) through (d). The turbulence level was found to be weaker than those
obtained for the Z/D = 0.9 case. A single vortex was found in some cases, because the
weaker of the ground vortex pair either disappeared or became too weak to be
observed.
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Flow velocities for the baseline anechoic chamber condition (no ground plane and
with porous walls, etc) are shown in Figure 16. The mean circumferential and turbulent
velocities were found to be smaller than those obtained with the ground plane condition.
Although no group$ vortex pattern was found, a high turbulence region around the
bottom center (180 ) was obtained at the 1.27 cm (0.5 in.) immersion. This is attributed
to a wake shed from the hot-film actuator, which was discussed earlier.
Similar velocity scannings were performed for the nonporous anechoic chamber
condition. As discussed in Section 3, under normal test conditions airflow is manifolded
to and aspirated through the walls, floor, and ceiling, thus providing a porous-box
arrangement. For this test, however. all manifolding to the floor, ceiling, and walls was
blocked and the doors leading from the filter house (which are normally closed) were
opened to provide the only means of airflow into the chamber (see Figure 3).
The turbulence level during the nonporous chamber tests was found to be higher
than that observed for the porous chamber condition. Composite plots of the turbulent
velocities at Z/D = 1.16 ground plane, porous chamber and nonporous chamber
conditions, are shown in Figure 17. Data presented in these plots were obtained off-line
from the recorded hot-film signals, with the rms metereft a time constant of 10
seconds. A single vortex was found between 6 = 1000
 and 140 in the ground plane case.
Near 180 , however, high turbulence regions were found in all three cases. These again
are attributed to the wake shed from the actuator. The turbulent velocities for the
nonporous chamber condition were about 50 to 100% higher than those for the porous
chamber condition. Instead of having coherent turbulent regions, as was the case for
the vortex in the ground plane condition, the high turbulence was present around the
whole inlet.
Integrated turbulence scales were obtained from the autocorrelation
measurement of the hot-film signals. Figure 18 shows these computer turbulence scales
for the porous and the nonporous chamber conditions at 6916 speed and for two
immersions (1.27 em [0.5 in.] and 3.81 em 11.5 in.]). The length scale in the axial
direction was found to be about 10 times longer than that in the circumferential
direction. This was an expected observation, as discussed in the Introduction (Section
2), because flow is accelerated into the inlet, causing turbulence disturbances to be
stretched in the axial direction. In the case of ground vortices, they theoretically
should have infinite length scale along the flow axial direction. The turbulence length
scale for the nonporous chamber condition is about 2 to 4 limes longer than that at the
porous chamber condition. This confirms that the nonporous chamber introduces large-
scale turbulence at the inlet compared with that of the porous chamber.
Circumferential velocity space-time cross-correlations were performed between
the stationary and the rotating hot films for the 3.81 cm (1.5 in.) immersion at the Z/D
= 0.9 ground plane condition and 69% speed. The reference point was the location of
the fixed probe (0 = 150 ). The cross-correlograms are shown in Figure 19. The
angular separatiSn between the rotating and the Sixed hot film is indicated as A6, which
ranges from --10 to +20 with respect to 6 = 150 . Theotransverse turbulence scale wad
found smaller than the circumferential arc of !16 = 30 . Between 0 = 150 and 160
the cross-correlation function changed sign, indicating the ground vortex center.
Fiffure 20 shows typical autopower spectra of a circumferential velocity signal at
0 = 150 , 3.81 cm (1.5 in) immersion, 69% speed, and nonporous chamber condition.
Most energy in the signal was clearly at frequencies less than 1 Hz. This is only a
qualitative indication of the distorted inlet turbulence frequency characteristics. Only
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Probe at 150 (3.81 em immersion; 69% speed;
Z/D = 0.9 ground plane configuration)
very limited spectral averages were obtained, because of the long sampling time needed
to process the data.
In addition to hot-film measurements, flow characteristics in the vicinity of the
inlet were investigated by the placement of freely moving tufts. These tuft movements
were videotaped. The results showed, as expected, that there was no ground vortex in
the baseline (porous) chamber; however, tufts placed on the sunburst arrangement of
foam wedges on the plenum wall behind the inlet (see Figure 4) showed moderate
activity. Flow over instrumentation leads and probe actuators on the exterior cowl was
also clearly in evidence. With the ground plane at Z/D = 0.9, flow visualization,
consisting of an array of tufts on the ground plane in an area beneath the inlet,
indicated that a pair of counter-rotating voi-tires was present (see Figure 8). These
vortices were present at all fan speeds, including idle. The direction of the vortex swirl
agreed with the hot-film measu^-ements described earlier. In addition, tufts were placed
along the periphery of the ground plane to check for wake flow along the edges.
Negligible activity was evidenced by these tufts.
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ACOUSTIC RESULTS
Far--field acoustic results will be presented for the five speeds tested: 64, 69, 86,
90, and 100%. Rotor 11 is cut-off at the lower two speeds and cut-on at the higher
three speeds. Far-field acoustic data repeat points were taken at 69% and 86% and the
data were found to be very repeatable. All acoustic data at 69% and 86%, therefore,
represent the average of two readings for each configuration. Full information on the
1/3-octave-band acoustic data obtained in this program is given in tabular form in
Appendix 11. These data include 1/3-octave--band sound-pressure levels (SPL) and
calculated overall sound-pressure levels (OASPL), sound--power levels (PWL), and overall
sound-power levels (OAPWL).
Analyses of the complete set of the SPLs showed that there was no noticeable
evidence of ground plane reflection influencing the measured far-field data. This was
investigated further by using a controlled noise source. While the test vehicle was shut
down, a whistle was placed in the inlet face at the center of the far-field microphone
arc. Acoustic measurements were then taken with the ground plane in its two test
locations (Z/D = 0.9, 1.16) and with the ground plane completely removed from the
chamber. These data showed no clear evidence of ground reflections.
Further analyses of the far-field acoustic data showed that ,he presence of the
ground plane caused no significant redirection of the blade-passage-frequency (BPF)
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tone noise. For example, the BPF 1/3-octave-band SPLs for the Z/D = 0.9 configuration
are shown in the directivity plots of Figures 21 to 25. These data generally do indicate
a 1 to 2 dB increase in BPF SPL when the ground plane was present. However, on the
basis of past experience, these slight increases in SPL, which seem to be the trenc + here,
cannot be considered too significant. In fact, at isolated angles, the SPL level at a
particular speed might show a slight decrease. However, if data from only a particular
microphone are examined, even a very slight change in directivity might result in
misleading interpretations of the data. Therefore, no attempt at firm conclusions is
made based on these plots. Further acoustic comparisons made using PWL spectra
obtained by integrating the sound level around the microphone are are discussed in the
following paragraphs.
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Power level spectra for the baseline and the two ground plane configurations
(Z/D = 0.9 and Z/D = 1.16) are shown in Figures 26 to 30 for the five speeds tested. The
data for these three configurations are barely distinguishable from one another when
plotted in this manner, because of the small changes in PWL ( <5 dB) resulting from the
presence of the ground vortices. Therefore, in an attempt to see if any trends are
present, the data in Figures 26 to 30 are replotted in Figures 31 to 35 on a OPWL basis;
i.e., subtracting the appropriate baseline PWL spectra from each ground plane
configuration PWL spectra. Thus, a positive APWL represents an increase in noise for
the ground plane configuration as compared with the baseline. The hlade passage tone
1/3--octave bane' is indicated for each speed.
It is seen in Figures 31 to 35 that both broadband and tone level increases are
less for Z/D = 1.16 than for Z/D = 0.9.* This result is not surprising, since the ground
vortices were weaker and more unsteady when the ground plane was further from the
inlet.
*Although^ tT^e PWL spectra in Figures 26 to 30 are very close together, it can be seen
that the acoustic levels in the broadband region below blade passage frequency, as well
as the BPF tone level for the Z/D = 1.16 ground plane configuration, generally fall
between the baseline and the Z/D = 0.9 case.
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The APWLs at blade passing frequency are plotted versus corrected fan speed in
Figure 36. Of particular interest is the similar trend shown for the two ground plane
conditions tested. The increases in blade-passage-frequency PWL were greater for the
subsonic relative tip speed (cut-off) data points (54% and 69%) than for the supersonic
relative tip speeds (cut-on). In fact, for the Z/D = 1.16 ground plane condition, the
results at 90% and 100% fan speeds indicated that the BPF PWLs were slightly lower
than for the baseline. The lesser increases in BPF tone levels for supersonic speeds was
an expected result. At supersonic relative tip speeds, the noise generation mechanisms
are dominated by multiple pure tones (buzz-saw noise) which, as a noise source, do not
rely heavily on inlet disturbances. Results reported in References 2, 3, and 14 also
indicated that inlet-distortion/rotor interaction noise was most noticeable at Subsonic
relative tip speeds. It was also pointed out in the Introduction (Section 2) that the
difference between measured static and actual flight data is generally greater at
approach (subsonic tip speed) than during takeoff (supersonic tip speed) operating
conditions.
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Compared with baseline
Far-field acoustic data were also measured while the anechoic chamber was
modified into the nonporous test cell configuration, in order to assess the possible
influence such a chamber inflow arrangement might have on the noise generated by the
fan. The measured sound power level increase at blade passage frequency for the
nonporous test chamber arrangement, compared with the porous (baseline) chamber, is
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summarized as a function of fan speed in Figure 36. These BPF tone levels are again
presented on a dPWL basis such that a positive APWL indicates that the nonporous
configuration was noisier than the porous (baseline) chamber. The subsonic/supersonic
tip speed regimes were as evident here as they were for the ground plane results.
However, the levels of tone increase for the nonporous chamber are generally less than
for either of the two ground vortex situations.
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Section 5
DISCUSSION OF RESULTS
The fan inlet airflow always has a turbulence field consisting of many eddy cells
whose associated characteristic time, T , can be found by autocorrelating a hot-film
signal. This characteristic time is then related to the length scale of the inflow
turbulence by L = UT, where U is the mean axial flow velocity. As the turbulence cell
passes through the rotor, each blade which interacts with it will experience a lift
fluctuation. This mechanism can therefore cause noise to be generated at blade passage
frequency and higher harmonics. The time it takes the fan to rotate one pitch width is
equal to ti,e reciprocal of the blade passage frequency. Therefore, the number of times
the characteristic turbulence cell is interacted with as it passes through the rotor is n =
T x (BPF). A more thorough analytical investigation of this noise generating
mechanism has been presented in References 13 and 15 through 19. The authors only
wish to remind the reader here that the number of times the characteristic turbulence
cell is "chopped" as it passes through the rotor is a qualitative measure of the efficiency
of this noise source mechanism.
The results presented in Figure 18 indicated that, in the nonporous chamber
configuration, the characteristic turbulence cell interacted with the rotor considerably
more times (factor of 2 to 4) during its passage through the fan than it did for the
porous chamber. Apparently the aspirating walls sufficiently reduced the length scale
of turbulence to effect the BPF PWL changes indicated in Figure 36 for subsonic tip
speeds. This physical description of the noise mechanism also helps explain why both
ground planes tested exhibited greater BPF PWL increases than did the nonporous
chamber. When a ground vortex is present in the inlet, T+ - and the inlet-
distortion/rotor interaction noise source mechanism is expected to be most efficient.
It was pointed out earlier that inlet disturbances whose origins were flow over
protuberances on the exterior cowl were also present. It is not possible with the data oil
hand to assess the acoustic impact of these disturbances. However, it is speculated that
the influence was substantial, because these disturbances were nearly as high in
amplitude as, and steadier than, the distortions generated intentionally. So, in reality,
the APWLs presented earlier (Figure 36) were based on a contaminated baseline rather
than a baseline with a " pure" undistorted inlet flow. The actual acoustic impact of
large-scale inlet turbulence and ground vortices is probably greater than that measured
under this effort.
An attempt will be made in the anechoic chamber which was used during this test
program to remove the exterior-cowl source of inflow disturbance. The method to be
investigated incorporates a partially porous, flared inlet (see Figure 37). The purpose of
such an inlet is not only to enclose some of the possible sources of flow contamination
but also to remove by suction that portion of the airflow which is most likely to be
nonuniform. The cone-shaped inlet fairing will extend from the bellmouth back toward
the chamber wall, following the expected streamlines as closely as possible. The fairing
will cover the flanges, probe mechanisms, etc., that have been shown to be sources of
inflow distortions. In addition, the perforated section will be included on the fairing
near the bellmouth so that suction can be applied to the reverse flow to extract any
disturbed flow that might still exist.
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Section 6
CONCLUSIONS
The hot-film measurements using a rotatable X-probe have successfully provided
information on fan inlet disturbances at various inlet conditions. A strong ground
vortex pair was detected when a simulated ground plane was located at Z/D = 0.9; the
strength of the vortices decreased as the ground plane was moved away from the inlet
to Z/D = 1. 1 6. Al though no particular coherent ground vortex type structure was found
for the nonporous chamber condition, the turbulence length scale for this condition was
measured as 2 to 4 times that for the porous chamber (baseline) condition. This large-
scale turbulence was dominated by frequencies less than 1 Hz.
The acoustic results can be separated into subsonic relative tip speed and
supersonic relative tip speed regimes, indicating that different noise-generating
mechanisms are active in the two regions. At subsonic speeds, modest increases in
blade-passage-tone levels (up to 4 dB) were measured while ground vortices or large-
scale turbulence were artificially created in the anechoic chamber. For the supersonic
tip speed data points, where the noise source mechanisms were dominated by multiple
pure tones, there was little significant change in BPF power levels. These results
indicated that large-scale inlet flow disturbances, which can occur during static tests,
will have a greater acoustic impact on aircraft engines with subsonic relative tip speed
f ans.
The flow visualization and hot-:'ilm measurements indicated that reverse flow
was found to occur along the exterior cowl in the anechoic chamber. This appears to be
a prime candidate for producing inlet disturbances, in addition to those which were
generated intentionally. These disturbances came from flanges, instrumentation probes
and leads, and a(.tuator support and drive mechanisms. Such disturbances are likely to
occur in all static test facilities, and they provide further explanation for the variance
between fight and projected static acoustic data.
Several methods of simulating flight in a static test situation have been
attempted by others. These included introducing relative forward motion in a wind
tunnel (Ref. S) or with blowers (Ref. 6) and reducing inlet distortions with large
honeycomb or mesh screen structures (Refs. 3, 6, and 14). Each method seems to have
its own drawbacks, and to date nothing has been attempted to specifically reduce the
inflow distortions arising along the exterior cowl of the inlet duct. Further, such
methods as described f.^bove are rather difficult to accomplish in an anechoic chamber
while retaining its desirable acoustic features. An attempt will be made to eliminate
all protuberances in the fan inlet flow in the anechoic chamber, at which time these
experiments should be repeated.
4
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Appendix I
HOT FILM SYSTEM
Figure 11 is the schematic diagram of the hot film and its data acquisition
system. The hot-film probts ased were TSI model 1240 cross-flow X-probes, each probe
having two sensors, at 90 to each other and perpendicular to the probe axis. Such
probes are suited for measurements of two turbulence components, cor relations, and
flow vectors in two-dimensional flows. The signal from each individrdl sensor was fed
into a constant-temperature anemometer with a built-in linearizer (TSI model 1054 A).
The output signals from both anemometers were then input to the sum-and--difference
module (TSI model 1063). The sum (A + B) and difference (A - B) of the outputs from
the X-hot-film sensors are related to the velocity components of the two-dimensional
flow when the orientation of the two sensors with respect to flow direcVon is known. In
the work reported here, the two sensors of the X hot film were at + 45 with respect to
the main flow direction (the axis of the fan) (see Figure 12). ')'he output (A + B)
represented the velocity measured along axial and radial directions: (A + B) = K(u + w)
where K = constant obtained via calibration, u = axial velocity component, and w =
radial velocity compnnent.
Similarly, the output (A - B) repre.,7ented the circumferential velocity component,
v, in (A - B) = K'v where K' = constant obtained via calibration. For the inlet flow
configuration, the mean and the turbulent velocities in the radial direction should be of
the same magnitude as those in the circumferential direction. The mean
circumferential velocity was found about one order-of-magnitude smaller than the mean
axial velocity in the present experiments. Thin, the measured mean sum (A + B) from
the X-probe was used to represent the mean axial velocity. For the turbulence
measurement, the radial turbulent velocity was the same magnitude as the axial
turbulent velocity. The actual axial turbulent velocity should be close to half the value
measured from the (A + B) output.
The two sensors on the X-hot-film probe were, at first, calibrated independently
in the potential core of the jet from a standard ASME nozzle of 1.78 cm (0.7 in.)
diameter perpendicular to the flow direction. The slope and the span of the two
linearized sensor outputs were matched to within +1% of the full-scale value at air jet
velocity of 150 rrr/s (500 ft/sec). The sensors were then rotated to approximately 45 
with respect to the flow direction, until the output from the sum (A + B) reached the
maximum, and the angular position was recorded as 6A similar rotation of the
sensors was also performed until the output from the "diff^ (A - B) reached zero and was
recorded as a 2 . The final angular position of the X hot film was set at the bisector of
a 1 and 62 . Flow calibration on the ( A + B) output was performed similarly to that
for the single sensor. Figure 38 shows a typical calibration curve of flow velocity vs (A
+ B) output used in the inlet turbulence study.
The mean and turbulence velocities in the axial and the circumferential
directions were obtained as the mean and the root-mean-square (rms) values of the
outputs from (A + B) and (A - 13). A TSI model 1976 do voltmeter and a TSI model 1060
rms meter were used to obtain the mean and the turbulence velocities, respectively. A
time constant of 0.1 sec was used for the on-line X-Y,Y plots and 10 sec was used for
the off-line measurements. A pair of Kron-Hite low pass filters at 5 kHz were used
before the do voltmeter and the rms meter to remove the high-frequency noise from the
anemometer.
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 to the Sensors
To record the hot-film signals on magnetic tape for off-line data reduction and
to obtain auto- and cross-correlation functions as well as turbulence spectra on-line, the
high do value associated with the hot-film signals had to be removed. Because of the
low-frequency nature of the inlet turbulence, usual ac coupling devices for the do value
removal were not satisfactory. A pair of Tektronix 500-AM2 differential amplifiers
were used as the do level suppressors. Low-frequency signals of the order of 0.01 Hz
were demonstrated to be preserved after these do suppressors. However, the do value
could not be suppressed completely during most measurements. The small do value
remaining in the hot-film signal was found to raise the do offset in the ;auto-covariance
function at long time delay; i.e., R.( t. = c j. One had to be careful about this do offset
in the turbulent length scale measurements from the auto-covariance functions.
Sufficient delay time was needed to identify this do offset value, and then to remove it
before calculating the turbulence length scale value.
Let the instantaneous velocity, U(t), at time, t, be separated into a mean
velocity, Cr, and an instantaneous velocity perturbation, u'(t); i.e.:
U(t) = U + u'(t) 	 (A-1)
The correlation function is defined as the expectation of the quantity [U(t)U( t+T)] at
T , which is the time separation between the two velocity measurements. This can be
expressed as
R(T) W E [U(t)U( t +T )]	 (A-2)
2
= U +C(T)
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where E [ ] denotes the expectation value and C(T ) is the covariance function
coefficient at delay time2T. Since the value of C(T ) at infinite time delay is zero, one
can obtain the value of U as
	
19 = lim R (T)	
(A-3)
T t cc
In other words, if one can measure the correlation function for a long enough time delay
interval, he can subtract the value of R( T ) from Equation A-2 to obtain the covariance 	 !
function
C(T ) = R(T ) - iim R(T 0) .	 (A-4)
T -s W
0
In practice, one has to choose a finite time window, T, such that T<<- . The estimate
of the covariance function coefficient can be obtained from the correlation function
measurement as
	
C( T ) = R(T) _ R(T)
	
(A-5)
The accuracy Yf this covariance estimate depends on how close the value of R(T) is to
the value of U . In other words, the longer the time window interval one has, the better
covariance function estimate he will get. The criteria for determining the length of the
delay time window and the accuracy of the covariance function estimates depend on the
nature of the covariance function. For a commonly encountered exponential form
covariance function,
	
C(T ) = C(0)e- T/r I	 (A--6)
where T I = the characteristic time scale at which the value of the covariance function
reaches (1/e). The turbulence length scale L can be found by the definition,
L= G I o C(T ) d T= U T I	 (A-7)
The measured turbulence scale, L, based on the measured covariance function estimate
C (T ) can be found as
T	 UT
L = U-- f	 C(T )dT =	 I	 1-e-T/T 1 {1+ T) (A8)
C(0)	 o	 1-e
	
Ti
Substituting Equation A-7 into Equation A-8 and rearranging some of the terms, one
obtains
	
= 1-(T)	 1	 (A-9)
L	 TI	 TI-1
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A plot of (L/L) versus ('r/-c ) is shown in Figure 39. An accuracy of the turbulence
length scale estimate above 496 will be obtained if the time delay window interval is of
the order of ten times the characteristic time of the covariance function. Two
turbulence length scale measurements with delay time window interval of 5 to 1.0 times
difference were used as a validation check for the measurement.
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Appendix If
TABULATION OF 1/3 OCTAVE ACOUSTIC DATA
Tables 2 to 36 contain the 1/3-octave noise spectra for all tests carried rout
during; this program. The sound pressure levels (SPL from 100 Hz to 80 kHz measured
at each of the microphone positions from 0  to 110 have been corrected to standard
day conditions. Information describing the actual test point conditions is listed in the
far-left side of each SPL table. Overall calculated sound pressure levels (OASPL) are
compiled under each SPL spectrum. The sound power levels (PWL) for each 1/3-octave
band are listed at the right of the SPL spectra, and an overall sound power level
(OAPWL) is listed under the column. The nomenclature used in these tables is as
follows:
BAR Barometric Pressure
FREQ 1/3--Octave-Band Center Frequencies
HACT Actual Humidity
NFA Actual Fan Speed
NFD Design Fan Speed
NFK Corrected Fan Speed
OAPWL Overall Sound Pnwer Level Calculated by Summation of
Power Level Spectra from 100 Hz to 80 kHz
OASPL Overall Sound Pressure Level Calculated by Summation of
Sound Pressure Levels at each 1/3 Octave from 100 Hz
to 80 kHz
PWL Sound Power Level, Re 10 13 watts
SPL Sound Pressure Level, Re 0.0002 dynes/cm2
TAMB Ambient Temperature
TWET Wet Bulb Temperature
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Table 2
MODEL SOUND PRESSURE LEVELS (590F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
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Table 3
MODEL SOUND PRESSURE LEVELS (59oF, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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Table 4
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
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0MODEL SOUND PRESSURE °F,LEVELS (59 70% Relative Humidity, Day)
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Angles from Inlet in Degrees (and Radians)
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Table 7
MODEL SOUND PRESSURE LEVELS (590F, 70% Relative Humidity, Day)
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Angles from Inlet in Degrees (and Radians)
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MODEL SOUND PRESSURE LEVELS (59°r, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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MODEL SOUND PRESSURE LEVELS (59°F, 706 Relative Humidity, Day)
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61.2 104.8
_ b;.`a- 104+11
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76.0 124.6
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Table 10
MODEL SOUND PRESSURE LEVELS (59 0F, 70% Relative Humidity, Day)
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Z50uj
415UU
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Angles from Inlet in Degrees (and Radians)
G,	 1(a.	 1u.	 3u.	 4U.	 aU.	 60.	 70.
(U.	 )iu.177{1,.3n}(u.51)(u.7U)(Ja 87)(IoOb)(Ia22
GROUND PLANE, Z/D = 0.90
CORRECTED SPEED = 69%
75.o 7K.D 74.0 /0.4 7u.0 71.3 73.5 /4.3
77.1 7t.3 lb9u ic.5+ 72.3 71.8 71,5 72.5
75.3 74.J 74.5 7..b 73.6 72.3 /l.b 70.b
74.6 bL.o bu *J ic.a 71.b 70.5 15.1 74.5
b2.5 bl.b bleu 0104 6L.1 7%.d 77.0 lo.b
63 ' d 23:5.0 -b191 8406 79 * is 7$.0 loot . 7baL
be.3 br.. 6 bu.0 0 1 .0 79.1
	
77.5 76.11 74.6
b(3.3 79.6 710.0 i5+.b 78.3 76.8 7b.0 14.b
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0U.5 79 e J 79.0 6,.v 79.3 77.0 75.0 72.3
a0.-It bL,.O __00NO -7 s .1 76.6 7b.0 lb-.2 1206.
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76.5 76.2 77.1 74.8
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82.;, d2.1 82.3 0,5.4 82.0 82.5 80.4 77.3
04.0 8j.b 640b ab.6 85.5 65.2 84.4 82.0
85.0 65.2 bt r .4 60.3 96.7 86.1 84.6 82.2
66.7 bu.9 b1-1 dt.0 89.I dvo.5 86.5 02.9
86.3 89.5 9L,.0 41.5 9C.9 93.7 92.5 89.2
97.9 99.9 iGl.i 10 4 .1 104.2 10 9. 0 1111.4 104.5
65+.7 9093 41.8 SoOe2 93.3 95.2 9b.1 92.3
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Table 11
MODEL SOUND PRESSURE LEVELS (59 0F, 70% Relative H1lmidity.Day)
r
ey
-a
sa
Angles from Inlet in Degrees (and Radians)
n9 10 0 20. 400 40• b0. too 70• co* 30 00 1UO. 11U*
iRL6- 10. 11G.17}10.351[ U. 52 )10.70110.87 }i1.05)i1.22}[1.40 }11.57111.75111.92)
ou GROUND PLANE, Z/D = 0.90 ^^1rbo
,4AUI-xL 	 17.	 FT. -- du -.-.	 - - CORRECTED SPEED = 86%
1	 5.	 M3 lUU 7u.1 7L.0 7u.0 69.1 54.5 89.5 71.41 73.0 72.5 . 75.b 71.3 7u.o 113.5
vENICLL	 R-11 14* /2..s 71.0 71.6 ab.4i 69.E bo.0 71i.c 71.5 6994 74.0 o5i9J 70.41 11005
CONFIG	 CF b IOU 71.6 /C.3 7U.3 /1.1 73.2 80 9 5 73.2 73.2 7U•u 7b9b 7960 72.6 110.7
'QC
	
SCHENLCTADY 2UU 77.3 76 9 81 7b9u //.9 78.0 06.7 10.1 77.2 106u 79.0 73.9 74.0 11301
IIA7E
	 3131/75 2zu 79.0 79.6 79.5 bi.1 F0.4 8b.5 77.2 79.5 79.5 8190 70.0 77•u 114.3
HU&	 10/4 --	 .ilb 79"_ Z_O#Z - -77.3 _.Z 7, - 76.13 85r•Z 76-0- --74.Z ._ ."42- >OfIA ._Wad1 090%) "3.0
TAPE R u U 79.o 7 10.0 7o.0 /0,3 76.2 d1.5 74.0 739u 7 1 9 1 80.6 o7.1 050 90 112.10
IiAR	 25; 9 9	 KG bUU 78.9 77.d 7195 77.6 7695 87.{1 7b.0 74.1 71.4 819V 00 * 0 7190 112.0
t0llub.	 N/M23 04G 0 1. 0 0L .J bu.0 ou.b 79 . 0 91.2 70.1 77.0 7.3.1 81. 3 05190 07.0 116.0
TAwi	 509	 Lifu	 F b0J b 2 •S b 193 86 6 3 dual 79.0 13/•4 7495 77.7 7U 61 7b.7 0090 0996 113.4
12+x:5.	 DEG	 n) luau bl e d 8L.6 b19u d4e3 81.0 92.9 76+ .1 78.4 7491 81.7 71 .0 7u9u 117.5
T*ctT._ W 	 13EG F -. --1153 n3,wtD "Q- 8,t .d- -*tt*-C+-_ 84. -!i. 4.10:7 54" bI.s.-71s4__ due, u -77-&:4_--7,10.11_ 411}419 .
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44 125Uu 10696 90.9 909,3 IUU.l 10ooZ 104.0 10 4 910 142.0 Vb+l 949b 9U.4 67.6 134.8
FA- ,j	 iat'	 SPLEU 16uuu 95.1 90.3 9b•9 99.0 49.8 103.8 102.7 10U9b 9b9C 9197 d797 8497 133.0
1193.	 Fi /6F; cJuu, j 97.4 9/.[ 96.7 1U6.9 100.9 144.4 1U3.6 1411.9 9090 ^il•1 410.0 d.t•a 134.1
coOUQ Y3.0 iO4.< 95., 9b.6 97.0 102.5 99.1 90.7 9990 87.9 02.0 7891 132.0
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Table 12
MODEL SOUND PRESSURE LEVELS (59°F, 706 Relative Humidity^Day)
Angles from Inlet in Degrees (and Radians)
U 9 lU. e u f, ') U . 43• 5U. bus. 70. a++. SOU. 1uw 0 11x10
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GROUND PLANE, Z/D = 0,90 P"`
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	 CF b IO:, 72.1 09. 3 a y .5 70.4 72.7 72.7 73.3 /3.2 7u.b 77.0 /,i.3 13.J 107.3
LO'	 SGHENLcT A 0 2UO 74.0 74.3 73.0 id.0 73.0 72.7 71.7 72.7 72.2 77.0 090 07.0 10600
LA7E
	 3/31/76 ?jv 78.0 76.3 10.3 7 1).4 77.0 75.0 75.5 o u .0 dS•U 0 1.3 OL.0 7503 11209
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f A P F 4;w 7794 77.j 70. 6 7000 74.7 74-L 73.0 72.0 t:*. 0 7s1 . o 05. 0 b 4.v 108.0
.jAr?	 k5109	 hr, ou;, 769a /b.6 70 9 0 1/.0 76.1 77.2 7o.o 74.1 14.1 77.0 ob.4 DS.v 109.1
(01106.	 h / n2) 6ju a1 9 „ 75.3 79.93 6u.3 7d.7 77.0 76.0 14.7 /c•7' S;30c 090,E b49.5 111.6
TA IlR	 SCi.	 LrG	 F 6 Liu 61.4 o(..a bv.7 a u 08 79.a 76.7 7b.b 7J.0 10.•? 8;590 69.4 6600 111.0
(ed3.	 LFG
	
K} IUUv 02 0 4 r[:.0 Ou.a 61. 3 00.1 70.4 77.7 10.0 71.7 779e 71.1 07..3 110.8
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31`!01 94.1 5+3.3 9b.0 90.7 9699 99.1 1149(1 94.3 00 g d 43b 0 e 709v 7b03 131•'4
40GL 'u 9 1.3 9 1 . 1 92.0 5r400 94.3 90 . 2 95.b X1.4 0604 8.(94 74.0 7304 12901
5000(. b9.7 5rG.1 Wood 63.0 93,5 95.0 94.7 90.4 ab.7 83.3 730.5 7jeii 1306`3
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Table 13
MODEL SOUND PRESSURE LEVELS ( 59oF, 70% Relative Humidity, Day) m
Angles from Inlet in Degrees (and Radians)
U. 1u. p41e ova 441. - but bus /u. 411J. 5161 0 luU t 1111. Qa
FREw- {u. )(u.17)( 0, in) ( Ue SC)( O./U)() . f5l)( 1. CD) (1.21111. 4 U)(10b7 )ii e7b l( i t V2 )
b4
GROUND PLANE, Z/D = 0.90 v^^bs
,iA^ I AL 	 17.	 I-tr bu CORRECTED SPEED = 100%
59	 -M ) IUU 6400 6006 55.5 65.1 67.5 7u.0 7(1.7 12.7 14-w 75..1 740 ►+ li.a 1050b
VLmll.LL
	 K'11 Ids 54.1 60.0 os.j tt.w 69.7 7ueo 70.5 7200 71.3 74.0 73.0 73.3 10508
CONFIG	 CF b 1GU 72.1 tV013 09ej b y eb 72.2 72.5 7J.5 7405 74.41 70.0 7794 7690 108.3
LUC	 SCHENc^ CEAUY ^UU 054 ot . d b/.0 b /. 4 71.0 70.7 70 . 2 74.0 6541 75 . 0 o4e6 04 . 0 103.8
OA)	 :Sr;51/76 c5U 01.0 /b.j bl. r, 03.4 63.2 6407 9692 03.(3 6 5 e c 77.0 1093 74e6 116.5ON
	 icio .;15 - 74.3 2c..6 1c.0 74.5 7b.-5 14..7 76.d -7-3.5 7.446 75041 Q-V441! Oa4o Jo7a
TA?E 4UJ 72 . J 71.3 74, 7193 71 . 1 70.5 70.2 73.0 b007 76 . 0 05al OJed 10460
RAN	 14.9 Hr b(,u 73.0 11.i. 7403 7c o d 76 0 6 74.7 75.7 /091 11.7 - 131163 06.0 7)346 109.4
toll9b.	 v / M 2) 600 75 * 0 74.0 74.5 75040 75 9 2 74ao 7302 72.1 7u• q 79to 0693 0590 108.0
TANa	 bC f 1UEu F oLLu 7896 77.5 75,8 7;e,5 77.5 78.7 77.2 75.'5 7697 8i9b 7494 71 6 (1 111.1
(263,	 (►E6	 n) 14(141 79.5 77.G 7).0 ^ii.0 84.9 04.7 86.7 67.0 0794 64941 01.9 70 * 0 11602
i v4L t	 417, BEG F 1234 a t . 6- 8.4.1 d1. 0 :o d" I 91 0 0 91 . 9 91.7 91.7 ' - 0769 Bile-c- 113 . 7 _9440 122.7
( g el.	 JFG K) ib:+U 54.5 85.6 8490 94 0 6 96.7 96.4 97.7 9b.0 94.5 91,V 91.11 84oZ 128.3
,TAGS
	 7.54	 GM1+53 2ui+u 03.4 bt.1 9U.0 5:6.1 98.7 96.9 97.v 51b.0 916.7 93.1 91,.0 84.6 128.11(.0(3755	 Kr. / M 3 ) 25i+U bb.3 66.b 91.4 100.4 9700 99.4 98.7 517.4 9199 91+0- 0963 84.6 12606AFA	 lb471.	 RPM 3143 55.5 8440 60.6 60.6 9"2 93.6 9 () .0 -51(1.5 6402 87.0 136104 7'244 122-b
(107Z..KAn1SEC) 4Ui,u 88.9 65'96 Vio.4 99.1 92..5 94.b 99.b 69.4 6644 97.0 OU * J b2.1 123.7
,v}t	 1411-1•- RPK- - - -1."W'- 95.4 - 47.4-- -Si6.4 9604 --9W * b 9005 --91.9- (3-W-90. 9001 --414.6 0664 12A06
(1667.
	
KAU/SI:G) 6304 '+400 93.7 9590 97.3 101.6 101.2 9895 510651 94.2 9264 09er5 8747 130.7
+Fi'	 16:1+0.	 RPN aUU^j 9604 97.7 y Z) e 0 Y 0O y 96.9 96.4 91101 146).2 Yo.0 9U * V 0700 410.1 130.1
(1066.	 NAp/5EC)1UG0U 1U2.V 1(1301 103.3 1(1 4 95 105.4 103.6 IU406 L6iU.3 90913 9200 OV99 b7ei 135.2
NU.
	
of	 o6Ai► F y 	 44 1254#U 107.0 14799 lu+ l aj 11v.b 112.+5 110.5 114.1 iJ7.1 LU3.0 90.4 9041 91.1 14203
FAN	 TIP	 W EFU 160U4 51.) . 0 Srb.L '10ew 100 . 4 96.3 -f o od 911.7 9'x.3 91 . 1 845.0 04tH b-9tU 129010
1.1153.- FI /bEC c(14(14 104+0-o **b. 98051. ia-44 9*44 510.1 - 9 .106- 40 *4 -014a -041Px 130.0
15000 90.4 97 . 5 9960 1DU0 y 100 * 6 101 . 0 101.6 97.2 VJ@J ddew 0301 au t o 133.3
jlb; 4 vj,`s f04 .4 5r6.0 510.5 9604 97.4 9607 92.6 ddtl 80 . 7 76.9 750.) 13x.0
4 QGUO V ies 111 . 4 51 [.6 94 . 3 95.1 95 .2 9 .3041 9 tl.9 0047 .5205+ 7041 7345+ 12964
SGOuU y aea 90.1 91•J V%I * U 93.7 94.2 94.4 131.0 d*4b 82.4 74so 74.6 i304L
b3U1r;, 87.6 0i.9 0992 IJU.7 9104 92.5 92.1 41.5 9397 7991 7104 7505+ 13007
40ueu 00 . 0 1A U.4 d1.0 DJ94 83.4 9403 80.9 1326(1 779S'r 73.3 7440 7306 128.6
U V ERA6L CA6.GU1.A(c. 114.3 110.0 111.8 114.(} 114.6 113.8 11405 110.5 106.9 10301 LUQ*b 9747	 14505
Ch
[O
0000
i
A
mx
ma
CD Table 14
a
MODEL SOUND PRESSURE LEVELS (59oF, 70% Relative Humidity, Day)
m
Angles from Inlet in Degrees (and Radians) a
lG. cU. .iU. 4U. b11. bee 7U1 6(+. VU9 14400 11U. cs
F q :,4- (u. 1f0.17) tu . J 51(U. b2)( it .1U1( 0 . 87)(1.[:b) ( 19Z1) I t. 4U )(1, b7}(1. /13) ( 1. wig)
D4 GROUND PLANE, Z/D = 0,90 - pOI3.
aAJI AL	 1 7 9 r' r, CORRECTED SPEED = 86% (RFPEAT) -
{	 5.	 `3l 1uJ 7J.0 717.8 /U.,3 00.9 69.5 7L.0 71.b 1. 7Z.5 70.41 71641 05r.1 1135.0
Jt;+1Ci.E
	
X1-11 121 12 0 3 11.0 71.3 b0.b E y .7 71,.2 1L'.* 71.1 b y .J 74.0 ow.a 7 4 04 10400
Ja-rFIZ,	 CF	 b 11+j 72.1 /u-t- 7405 71.o 73.1 73.2 73.1 73.5 7U.5 'boo 70.3 72.3 10609
- JC	 6L; H C-ECI As. Y 44JU 7d.,1 79.J 70.0 /8.0 7b.5 70.b 75.0 /l.b 70.4a 7Sl.6 7*00 75.L 11060
j A I E	 3!31776 Zo,7 79 9 0 dbo n c4.0 01.4 bI.v 76.5 7i .D 151.7 /9.t 8203 1004 1 0. 6, 113.4
tu':	 1377- 31:) Z9.a 10.0 -1/.i 77.3 70.,1 74.5 13L.Z 11.7 ak.5 64' * J -_0700 00.b LQd.7
rAP1 04141 79.3 7' 0 .x: 7b.3 77.13 76.5 75.5 74.13 /3.0 7U • J` 6U.v 00.0 050 W IU9.0
lAn	 110 .9 	 HG 5Ju 78.cs lb.s 71.6 17.0 77.2 1b.5 75.5 13.5 11•Z. dL' .0 00.0 04o6o lUy .O
(011vb.
	
N ii";e 0•:3 0 1. 0 04..1 bu•U 0u.1 751.* 70.7 7c.b 1b.id 13.7 8U.0 c y .o 00.0 11006
TA,la	 50.	 UE4	 F o D U o2.0 01.4 bU.6 bU.3 7L02 75.7 74.b 72.1 7U07 8U.7 Qdo4 0'3.0 11D.J(2o3.	 ;;E^i	 d) 1^0U t3 1. 0 dl. .b 61.5 62'..5 81.0 77.9 75.9 74.5 70.1 )5+.7 12.4 00.0 11103
14E1	 47o--t3-FG	 F -ll *ir -02.0 132 o, i- -63.3 -30.1 05.0-- 11;1.4 dc. 7 Z"U 70_.1 b5.0 17.4._ 14.0 116.-2 .
1261.
	 U E G	 ^) 160) 13 2. 6 dl.b 61.3 83.13 63.0 83.2 b1o4 70.d 70oie 86ou 71.4 7U 0 U 115.1
HACT 7.55 GM / M 3 2G'0u 013.3 ob • 6 85.3 tt5.4 68.5 64.2 82.51 61.5 8U•2 87.7 77.* 77.4 117.b
( .00755	 &G / M 3 ) 2b4U 89.d 67.;5 813.0; CS7.9 92.2 93.4 52.9 x1. 13 6664 86.1 Oii.o 0300 123.b
NFA	 1,374?.	 RPM! 315U SI&6 WU.3 9405 44.6 92.4 96.6 9Sr01 101.2 90.2 9 01.1 VU04 00.7 130.2
(1439.,	 R A e)/5tL) 4000 9R.0 101.j 1011.2 99.1 1CC.6 Iu7.1 109.1 106.9 IUbel 102.3 1U00S 537.0 138.8
MFR
	 ijia64.
	
PNi SL++:+- iv1;.4- 1j11.4 ILr1.0 1 .1.5 1L4.6 447.2 4 	 L.0 lUO.9 I Lot) .O 1 Y luL.0 91641 135 .2
( 1451.	 RAU/SP-C) 53UU 5+6.3 95.2 97.8 S+ b.0 58.3 103.7 100•b 105.1 1UG04 953.c1 9400 SOleU 13565
„FJ 161Qy.
	
RPM 8%+UU 96.9 Woo 99.1 104'.4 IGl.9 103.A 1U5.9 104.1 luG•5 97.4 x100 Vuel 135.4
(1666.	 K AU/SEC ) 11j0U- IUb.0 lUb.b 107 . 3 luo07 109.0 109 . 6 111 . 1 liiSo . 0 104 . 4j 99.4 9704 9eov 141.2
.40.	 OF	 i4L40FS	 44 12*Jv 9b.o vb.10 Sra.:k luv o e IL1.3 101 . 8 1Ua.v 14e..0 x700 9 & 00 0 !009 0n.b 134.0
F A, % 	 f3P	 S p r-EU 16Uuv Vbo.; 95.0 97.2 50912 1GC61 1G145 10119 1GU.13 9bo1 g lob 66ou 64.0 =32.9
113:1.	 F (/ 5 E : -2L44;U 97.Q 97.5- - 94" iO4-.v 104. +9 1411x13 301.1+ 1-414.7 94s/ u+	 / 0540 61 *W 133.4
e5uCU y 3• y 1303.7 Vb.3 57oU 97.3 S7.b 9O.1 97.1 V ie 03 07. 4 bd.1 77.0 130.4
313Ju 93.1 WJ-2 94.5 9o.b 95.9 S)bo9 97.b 90.3 9uo1 156 019 009u /a.* 130.*
4LiGGu 90.0 9L.9 92.0 94.0 9;5.3 94.9 95.0 94.4 b709 8"301 10 * 4 7,1.7 1251.4
bUOutr di. .3 d9.3 `sl . l y d:.b 92.4 9 .5.7 9307 'l(c.51 6007 db6 4 1480 13.0 130.2
c3UGU 67.o db.7 be * g! 0'x.7 SG.4 92.0 91.4 91.0 05.1 as.e 7ic00 7be4 131.1
bouutj 6G.1- 79..5 82.0 80.9 64.2 130.;3 82.4 c5.3 1x07 7b00 1i;.0 73..1 129.3
U V E ew^S_ 	Cxi-LuLa ( t., 1061 . 1 ld1	 *b '► 11.1, 114.2 112.6 11 & . 4 11tr.b 11* . b 111 . 0 1005 9 %1 1v5 . 4 44C.J 147.0
• C
9
r
f	 a	 r
Table 15
MODEL SOUND PRESSURE LEVELS (590F, 70% Relative Humidity,Day)
r
m
Angles from Inlet in Degrees (and Radians)
7 9 1(:. e.U• 3V. 4439 53s 01)6 1u. 66A  9U. 1uw9 11u,
tRE. 9 ( b e p(d.171{E}.35l1u. 521( ^.7(Iltu.d71{i.i;511L921}(1.4(7 }{1.77) {1.761 {105+1}
5u
GROUND PLANE, Z/D = 0.90 -	 10"LQ4
4ADIAL	 17. FT. Qu CORRECTED SPEED - 69% (REPEAT) - ---
{	 6.	 M 1 1Ju /5.b 7h.b /a.b 70.4 lu.d 71.3 73.3 74.0 7 4.ie 72.0 11.0 b9-Y lub.3
VFnICLE
	
it-11 12;j 77.3 75.13 74.0 7k,o 71.0 7e.J 71.5 Jc.b 710,9 76.1 avow Dii 94 10592
;.U'+Fl y;	 CF	 0 tau 7'J.0 / " .a 7400 1001 74.1 /2.6 71.3 1u.6 Owe/ 7Uoo owea Dios 4 105.0
LUC
	
5L)--; eJtil 0 39u al.J du @,3 70o 5r 77.6 77.0 75.`0 75.0 7t.. 51 7[so lid*d 71. 1 10903
041E	 3131/76 2lu 0200 a L 0 0 81.3 01.4 79.d 70.3 77.c 70.0 7497 7b.4 7,990 7U.0 110.0
'4-0%	 1J/d 313. c13.J o2.;. bl.0 c2.J 7Sr.o 19.3 70.0 1.490 7c.v 749 .0 76.0 0000 11004
[APE 4JU +12.4 Bk.G 81.0 86.6 79.1 7a.5 7b.e 74 0 b 7<90 72. o 0093 ob.4 110.0
JAk	 29.9	 riG SLU 7910 /5e.4 79.,, / *.O /13.0 7d.6 7b.c /4.0 7W-01. 71.1 0700 00.1 lul+.2(011(J6.	 r/(-12] v3u 61.0 bl.J 01.5 0e.1 8j.a 7v.0 77.11 /h.b /491 7404 7w01 079x1 11099
TANZ3	 ^3.	 i4li	 F a J J 010a 010.; 6104) 0 193 79*6 709 7 75.(: 730(1 71,1.'9 71•0 Ot395Y 00.1 1011.b
EL d3. 	 LtLV	 R 1uJr du e ,) 75x.3 /v.b ou.b 19.0 77.7 75.5 7J.0 / Uo0 71 9 0 5090 07.1 10902
txET	 - .47.~ uFG	 F _125w ouoz cC . O cL.a l y •0 70.0 70.-2 7t.Q 14.-5. 7L+1- 714p.,1 -D&01 _AS • 0- 108.4
(tai.
	
uEG	 K) leGfa 6U.d 0 G.l 714. 4 i b ed 76.0 77.7 70.7 14.J 71.0 7b.0 07. 0 OO * Z 109 .4
fAL1	 7 655 is M / M 3 20U bl.0 81.1 8199 81o fs 8( , .d 7907 77.9 7693 72.0 75.0 -6008 09.0 111.2
(.00755
	 & G / M 31 25uw 02.5 61.6 b,9.0 bJ.l 82 * 0 8290 dU.2 77.0 7390 7297 0098 07 10 11293
!NFA	 11025.	 RPM J10 U 63.6 0 3 .0 64 9U bb91 84 . 3 04.2 820 9 t3U.0 77 .0 740/ 72.3 119u 114.6
11154._ rtAU/ SEC } 400J 85.2 85.7 85.51 66.1 86.7 85.8 85.8 63.7 75+91 75.0 7496 7494 117.0
lF k-11122. RP M 54;;44 --,914.49 ca.7 4<.1 0003 66.4 d7eU d495 0009 19.b 7004) 7400 /1).0 11$.1
(1164.	 KAD/5tC} 6301) 436.5 89.2 9U.p 91.3 9o.9 92.7 512.7 0897 8490 81 0 o 7iO•b 7090 122.6
vi: u	 16100.	 RPM 130uu 51 4.7 '19.6 10,9,04 13401 10A * 0 109 . 2 11192 lUboU lwl0l 999U 97.0 9190 13Y.2
(1666.	 1 1 0/StCl1G(,c,w 9U .4 QL.,! 91.6 93.5 43.3 95.2 95.0 y l.b DG94 8390 Ot9,9 7d0 t 125.4
40. WF BLAOFS	 44 1LSUU b q .d 6So. y 91.0 9297 97.6 92.3 91.7 04.1 64.e 75990 /694 74.9 12392
FAN	 TIP	 SPr.ELI 16U3G 93.4 94.6 95.4 90.2 98 . 1 if+4.3 98 . 2 4494 94)03 85.8 030U 8(7.0 130.1
Sv5 IZ.	 F}/bEG L90wid -- -0a.4 d5g" fr1.4 94104 9,9.7- 92.9 94.4 00.4 0104. 77.0 7401 11of 123oW
25G Gu b9.o y C.o 51,3.5 9b.s 45.1 45.5 90.J 5+1.6 0407 7900 7b.o 743.1 127.4
3z5jio 67.9 a 4^ * a iou92 51-695 42.7 93.0 9294 000.3 0103 70.4 7U9/ 00.0 12505
40dU(o 65.0 ds.b 07.b 8 10 90 851.9 90.2 859u 05 .59 70.1 72.9 0000 otob 124.0
3 4{.V U 03.0 b3.d 6691 009u 68.4 dv.0 ba.w 04 9 4 !o•b 7194 00 9 .3 toot. 124.5
b3J"1L 6190 b19v d4.2 do.b 65.7 abet 435.7 b1.5 /4951 7{7.1 0490 73.7 124.0
O'sQ.ju 75.,6 75.0 /i.0 19.2 75x.2 ds,.1 79.2 70.1 O/oi 6J,O 0493 05.1 12202
U.;1 RALL GALCLLAf_ w 142.0 44) 3 .-6 104..1 1 4 1.4) 106.0 11w95 131 . 51 1 .7 . 1 14,9.1 9901 9091 949.0 141.0
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Table 16
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative HumiditygDay) on
C2
Angles from Inlet in Degrees (and Radians)
il. 1n. 20, 30. 4n. 50. 60. 7n. boo 900 1000 110. es
F4r_t;. { F7.	 }( 0.17} {x.351 {n.531 IEf .7;t}E1.87} {1.15}{1.221(1.401 {1.571{1.751{1.42'
^s GROUND PLANE, Z/D = 1.16
RAD I A L 	 17,	 FT. d CORRECTED SPEED - 54%
R_	 "E1 IJ.0 _- 7 d,_7 74.5_ 72.6 73,8 F	 __._^?d--4__ 71,s4__ 71^_ ^ _-.-^ e9.7 _ 0-9 _ -104.j
VFHTCLF	 W-11 115 75.5 75.d 74.3 71.3 72.6 71,1 73.7 71.8 70 * 7 69.2 7U.7 70.5 105.0
r.0'li>• Ia	 P!F	 6 130 7 ?.2 72.0 . 7 2 . 1 72.3 71: L. 69.4 68.7 69.6 od.9 6k•b 66.4 68.,3 . 103.0
LOC	 SCNFNFr.TA'1Y 20J 77.5 78.8 77.6 75.5 75 =U 74.4 72.7 72.5 70.4 69.2 07.4 66.0 106.4 f}}ATE	 d/27/76 250 79.,1	 .. 76.8 _ 77..8 77,8_ 76_!.3 7 4 .9__ 72,9	 _7 2.13 _ 70.7 . _ 71. 5 69,4 07: 11 107.2
RUN	 14/4 31:^ 79.5 79.3 78.1 77.0 75.8 74.4 72.1 71.0 68.4 67.1 05.9 04.0 106.4 •
TAa+` 401 74.5 76.3_7_5.3 73_8 -- 12.6 70.6 _68.8 bb..6__66.2 6	 .!t E3g. t3 IZA,55
RAR^ 29.0 -IR	 - 5uo - 73.273. 73.8 -- 74.1
--
73.3 72.3 70.3 68.6 67.3 65.6 64.7 61.7 59• U 102.5
(a99A'^.	 w/'12 r)3u 75.5 76.7 75.6 7:1.2 73.1 70.8 68.4 67.0 65.4 65.2	 . 0207 sq.S 103.5
TAMj
	 j 0 i	 LFG aJJ 73,4 73.5 73 . 1 72.7 7 1 . 3 69 9 8 67 . 6 65.5 63. 1 63.2 61.2 5965 101.0{243.
	
.'EG	 11 }0'_}J ? 7.4 7f.o 71.3 . 71.2 .. 5. 98 -	 68 0 3_ . 66.1 _. 64.5 -6;,8 -_59.7 59.0_,3695 1OIl.aO- -
TW F:T	 47,	 BFG	 F 12ZIJ 71.7 72 0 1 72.6 72.5 71.3 69.9 67.9 66.0 63.4 62. 4 60.5 S y .O 1G1. 4
1281.	 u ;'G	 {! 16JO 77.2 73.6 72.3 , _72.3 72.5 _72.1 69.1 67.Q__63._fl 2,9	 6(}L	 5900	 ___UZ,4_-
_
HACT 7.,a
	
fi4 /"► 3 2UJJ 74.5 75.3 74.8 74.3 7 4 2 3 74.369.37 2 1 65.9 64.4 61.9 61 .7 104.7
{.00755"% r,/ M 3 } 25:10 78.2 78.3 77.0 77.8 77.3 77.0 . 75.3_ 72 1,0 66.9 66.9 64.7 63.4 1p7.5
VFA	 8b2a•	 RPM 315'0 8 1 ,7 81.1 79.3 79.8 8n,0 79,3 77.6 74. 0 70.1 68.1 65.7 65 .1 109.7
{	 903..R AD /SEC) 4010 3'4.1 84.1 83.7 _8 3 t o 82.4 8 P.2 - 79.7_ 76._2 *0 71•U 68.4- 112,6-
NFi
	 80 9 b•	 R PM SOJ7 546.3 85.3► 6509 85.7 851.3 84.6 82.7 78.9 74.8 73.4 .71.2 70.5 115.24Aa/S_E;C1 - 633
.
7 9i^d 94.2 96_•1 97.7.-97 :9 _ 96.5 95.4 92.6 8801 87.1	 8400	 82.7_27....1	 :^--
NF7
	 !Rl+Oa-	 RPN 3000 '3 4t1 84.6 8 6 . 2 R6 . 8 A7pp $7pp 64# 3 81tfl 76 . 1 74 9 1 71 .4 7 1 . 1 116.8
11686.	 KA0/SEC 1 10030 8 8,.7 85.8 86.9 R7.,? A7.8 87:8_ . 86.3_ .. 82. 5_ . 76oR_ _744L .719'5 _ 717. 8 13749
Nb"	 OF SLaJF3	 44 12530 94,2 92 . 6 96. 1 oa , 2 43,8 94.2 94 . y 90 9 85.2 ±31.7 79. 0 77.6 125.6
FAN	 TIP, SPEFR 150OU 8 3.8 85 . 5 _87.5 A8.4 - R. 7,8 9794- 86:1-__ 3^4 _.. 7.6..^ 73. 4 _.70.9 __6 9. 2 11666
7 47.	 F T/SE" 23000 X35.7 d7.o 88.5 Y2.1 92.9 93.2 91.3 69,0 81.9 76.9 74.0 71.7 123.4
x}2.1_ 84 . 0 8 6.6 87,7_ ARC 99^ 880 83. 9 7604 7L.3 --- 08 @--U__ -¢&:9 __ 120&A -
- 31520
-
79.8 81.2
_
a4.0 86.1 36.0 d6.0 86.2 61.3 7301 68.2 04.3 63.0 118.9
40GD0 77.9 78.5 81.5 8z,8 83 * 4 _83 -96_ 6 2-91 _ . 78 :1_ 6906 64.5 _60.7 60.1 117.2
50103 75.4 78. 0 80.1 81.2 91.8 81.6 80.1 76.1 67.4 63.2 bC.b 5906 117.3
033}303 75.4 70.2 78.1 7^).4 79..4 .- 79.3 78.1 72.7 b6.4 b2.^ boob - 60.0 - 117!8
a3G) 7o..s 70.3 73.0 73.1 73.5 72.9 71.1 66.0 6 3e1 57.0 57.0 60 * 0 115.6
CA^.CJLATGJ ». 6 99.4 101 .27 101. 4 101.7 101 . 3 100 . 4 97.1 91.7 39.7 86 . 9 85.7 132.6
RTable 1.7
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
al
Mz
a
r-
0
2C.	 3o.	 4o,	 50.	 61.	 71).	 130.	 90.	 10 co '	 110.
	
;i3.	 }{0.17110.55}c:1.57110.7d110.87111.35)1i.22}11.4Ur1i.57}{1.15111.y21
GROUND PLANE, Z/D = 1.16	 -
CORRECTED SPEED = 69%
	
75.6 75.8 74.3 72.9_ . _ 70 8 71.3_73.5 73,4 7:f.2 __72.e3 72.7 71.0	 1p6.4
	77.o 76.6 75.0 73.4 74,0 72.1 72.o 72.6 71.7 70.3 71.1 7u.b	 106.1
	
75.1 75.0 75*0 76.1 74.3 72.3 71.8 70..1 69.9 69.0 70.2 70.0	 105.6
	
79.0 81.0 79.13 78.4 77.1 76.5 75.0 74.3 72• g 72.1 70.4 72.0	 108.9
	
13 2.6 82.0 8 I . J A l« r A O,3. 78.0 76.2 75.3 74.4 74.6 73.1 71.0 	 1.10.8
	
1 3.0 83.5 91.8 81.3 79.8 7768 7h.2 74.3 71.9 70.d 69.1 66.5 	 110.3
13 1.3 81.5 13o.,f 80.3 79._3_ 77.0 70,.t) 73.3 71.4 -- 7 0.1 67.4 65.3_ _ j_08_,9
70.5 	 .578,8 78.3 78,8 77 f t 75.3 74.0 71.8 70.4 68.	 66.0 64.0	 1()7.4
	
79.6 80.7 79.8 8C.3 7A.1 75.5 73.2 72.0 70 * 6 69.3 o7.5 64.13	 1060
	
?7 0 3 78,3 77.5 70, n 76 2 3 74.5 7227 7 0 x3 67.9 67.b 67.2 65.2	 106.6
7A.d	 75.5 7K.8 76,n	 74 -,1	 7dr Ll	 73.0	 7QsO 7..0.1	 +57.0 - 66.2, 64.2	 105.5
	75,5 75.6 75.n 75,8 74 76 75.7 72,2 69.8 67.9 156.5 64.0 02.5	 105.0
781 4 Ie.3 7h.	 772; 77 . 3 76,Z 7411 __Z1s8 69.1_ 67.5 05.1 64.2.. _ 1!16 ,9
	70.0 ia.e 70.3 7a,n 7v,6 77,7 75,9 73=3 69.6 h8.J ba.a 63.9 	 108.8
9'1.0 dc7.1
	
79.8 A I f) 8n:3 79.7 78 : 2 75.3 72.4 70.2 67.21 65.9	 11045
	84,3 84.3 83 . 5 84.6 A4, 0 84.4 84,1 B l ob 78. 1 75.4 73.b 71'.6	 115.2
	
86.2 87.0 85.9 80 t6 A14 2 7 46.15 - 85.1 8 242-_.77.-6 76.8 73.4__ 73.3	 1i619
	85.9 66.2 66.4 87.8 A6.9 86.5 85.5 82.1 78.3 76.0 73.9 73.0 	 117.2
	
37.3 da.0 613.5 9J.0 93.9 91.4 89.2 137.2 02.6 79.0 _780.'1 76.4	 121.1_--
	9:" j 94.4 10U.1 103,6 inS,7 10807 104,9 105.0 99.6 96.5 95.7 92.0	 137.2
83.7 39.3 90.1 92.5 02.6 93.4 91.4 90.1 84.4 au.8 8u.5 77.o 123.4
43.0 69.4 90.5 92.5 9 y•3 92.3 92.0 613.6 83.0 79:3 77.3 75.b 123.1
	
413.6 94.3 95.4 96.'198.9 1rj0.6 98.4 96.9 99.5 85.3 03-*4 8 1 . 7 	 130.4
57.-j 89.2 9U•7 92.7 Q2r5 92.4 90.9 118.5 81.9 76.0 74.E 72.2 123.7
. r3 9 5^,L- ` 6s0 - 50 --- -	 86.0 60.7---7^. j--7A-53.0 -90.2 9298 95	 _L27«9 -
47.3 98.4 90.5 93.0 93.2 92.7 93.2 89.6 82.6 76.3 72.1 69.0 126.1
30.5 85.6 87.5 89.8 89.6 90.2 99.2 86.7 78.6 72.4 67.7 60.1 124.2
133.0 84.0 86.1 hd.3 A8,6 89.x1 18.0 84.7 77.1 69ed Ob.O 63.3 124.5
A0.9 di.4 03.5 85.2 ---85.7_ 86.8 85.9_ . 132.5 - _ - 7b. 2 - 67_.4 63.:5 0294_ 125.0
75.4 '5.6 TB. r] 78.7 79.7 79.9 79.5 75.6 ad.9 61. 5r 58.2 621.4 122.4
FRGW.
5
6.3
RAUT A E_	 L7. F T.	 b0
1	 ► . M )	 lU0
VEH ICLE	 j-11	 1210
CONFic	 CF h	 163
L110
	
SCME'4Er. T AJY	 2ju
r1A rF 4/27176
	
250
RUN	 14/5	 11j
T4R:	 4J0
RAR	 79.'3 ti	 5 fr0
	
(;?9089. `'/M2)	 63U
TAT! bn o O F; F	 111
	
17al r DFG
	
fl 't
1wFr	 47 J
 
:) F ri F	 125:1
1?dt. DFu {}	 164.0
MAC t 7.5 s ;M /"+3
	
2000
	
1.00.'SF Kt/^31	 250:
NFA 11703. R PM	 315J
(1153.. g AD/St^C1 4030
NFR 11105. R PM	 50U:!
11153._ 84115 1=n r 5SC.;
NFn 1 6 130. 96M - 	 300J
(1696. RAO /SEC)1U0cj
N1t. OF d 1-AJ PS 44 125UI
F4N TIP SPL W O	 16011r,j
	953. F T/SE^	 200uu
_-- 2 5 0 V Q
315GJ
aDO;3:J
5[iOJJ
5300'
8[1000
e^
r;+ALL CA<<Cu^aF>-J, 1 ]t.	 I]2.9 1'13.4 jro.6 1n7.9 11 r,.1 107.2 106.4 100.9 97.5 90.5 - 43.7y -139.7
G's
w
Table 18
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
". 10. ;'0. 3C. 40. SC. 61• 70. 80. 90. 1u0,_ 110.
F^Ew. t U , 1{0.i7 1 1 t1 ..351 tC.521t0.701t4.87 ?t1.051_[_1. 221{1_.401[3.571[1.761[
-
-1,92
6 3 GROUND PLANE, Z/D =.1.16 -	 POOL6,3 -
R ADIA L 	 17.	 FT. 51j _ CORRECTED SPEED = 86%
{	 5.	 M1 1GO 71.6 70 ..3 o9.6 e8.4 7 n. .7 -7__72.2 ._ 72.5 _72.L 71s-fit -- - 69.L 1,4.$
VtHt'CLt	 R-11 125 71.d 71.13 71.0 67.6 71.7 7n.7 70.7 70.5 59.0 68.0 b9ob 690b 1x,3.7
ca %4 ir I .	 CF	 6 16 fL 7 1 .8 69. A +` 9• 5 70±4 7 1,5 1 1 . 2 71 ,0. 731 69.0 70.5 - 7Z!r3 7 1!13 Il14.6
LOC
	
SnLi NEcFAn y 200 77.0 79.3 76.3 78,4 78.0 76.2 76.3 77.0 75.2 76. 13 71.0 11000
GATE 4/27/ 7 F 251 79. 5 452. 5 _79.8 81 . 1_ 79x7_ _ 76- -a 78.11 - - 78.7 77.7 79.,3. 7W .45 77.n li2.!
HUN	 +s / A 315 74.5 78.3 76.8 7618 75.5 7307 73.0 71.2 6692 67.5 66.5 b5.0 106.1
TAPt 40il 7W r 7 77.9 713.0__76 1 6 75:0 74-17 _ 72:7_71=7 - 68- 5 68.0 _ 66 . 1. 64.'.2" L"mU
HAR	 2^.5 tir, 50U 74:8 76.5 76.0 76,13 74 # 7 74.0 72,5 71sC 68.0 66•.3 63.6 63.w 105.5
(999ii4.	 N /mV 6;30 190.3 73.9 78.0 77.8 76 ,.2 74.5 72.2 72.7 70.5 69.0 135.6 64.0 106.9
TAMS
	
.'#	 DF„	 F 800 75 : 8 75, y /5 9 8 76 i 5 75# 5 74 . 2 72p7 7 1 p5 68.2 68.2 6704 65.0 105.9
i2 zi 3.	 CFG	 K 1 1 3UO 74.5 77.3 . 77.5 77 L5 75	 7 _- '74.9 --7n_=°-- -73=7_ _ 7j. a i3.^ 71.1 - ...44.t, 107.7
fwFT	 47.	 'iz; 127J 63.3 8106 7d * d 7 y .3 83.0 6302 82.2 80.2 76.9 76.0 74.7 72.4 113.4
{?91.
	 J FG	 K 1 15+Ja 87 . 0 81. 13 79. 3 _79.6_-81 .5 0 2. 2 80. 2 7 9.d 75 . 2 7 3 * W__ 74 •u _73Zt0_ 1	 2 3 _-
WAC1	 7 .86
	
aM/ M3 2J00W 66.3 8606 3660 85 * 1A4.5 K 3.4 87.4 81.3 8 1.2 77.7 77.3 75.0 116.6
[.00796
	
Kr./MJ) 2506 35.0 64.3 63 . 5 86.4 91.2 y3.9 97.2 93.0 139.0 88.4 84.5 83.9 125.2
NFA	 1 372 1.	 9pH 3150 86:6 89.1 86.5 89,9 91 t 2 147f 99#1 99 1 7 97,7 94 .9 91.5 0807 129.6
t1437,uADIsEO} 4uou 94.2 98.5 95.4 130.1 co, '6 107 - 111, 1_09,7 106.1 ._102.0 103.3 5710 139.9.
NFK
	 13o$5	 .	 R P - 5003 90.7 98.2 i^o.4 101.3 1nf1,3 106,2 111.7 110,3 107.8 104.4 303.3 96-U 140.6
c1451.
	 R& 0/SECj 6300 _ . 95.0 94. ?_ 97_.3 99 . 0 98.3 104 . 1 107.2 105.4 100.4 9892 94.6 91• - 1 N5,
yFD	 1612,	 RPM 8803 95.^ 96.9 96.3 100.3 99f4 105.4 1013+1 103.7 99.2 96.1 92 . 3 9 0 . 1 13504
tl l5b6.	 KAC/SEC110SU0 104.5 105.-) IJb.a 106.7 107.7 1013.6 11 . 0 . 1!__108.0 . 10 4 . 0 99.3 Sib ._C . 93.6 14(1,5
NU.	 OF	 'it A DFS	 4 45 12500 ;15,5 96.6 97.7 100,2 tna,2 101.5 104,] 102,6 9895 94.2 90. 13 t37.e1 134.2
FAN T lF SPEPO 16000 95.1 95.2 - q6.4 98.7 _QQ,2 100.2 102.4 100.5 _ 95.5-91.7 - 57._4 _ 84 t a 132 n 6
tl88.	 FT/SEC 20n00 9 6,5 97.2 97.4 in0.2 99.3 10193 IM2.1 99.9 9407 89.9 85.5 82 .9 133.1
25CL.Q 97.6 93. 6_ 94.7 96 .9 96 -r- 97.9 _ 99.0	 97-1 1L1 •I _79sL Imm6
31500 X11 00 9301 9404 96,4 95.6 97.t 48.1 95.7 90.1 84.4 7 y . 6 75.9 130*5
40001 91.b 9C.5 91.6 93.7 91r4 94.5 . 95.8 93.7 87.6 81.7 75.7 72,8 229.6
5	 000 66.9 89.4 90.6 9201 92r1 93.5 94.5 92,2 86.0 79.8 74.3 72.9 130.1
b3:, g 7 6R.8 83.9_ 81.7 -bid 4n.,_f _ 91=7_ 92.8- l-t 184.7 72.8 7_3_* 0_ 131x0
80'10u 7 4. 3 79.7 31 . 9 A 2.3 A 4 _ 3 Sh- 0 87.9 85.4 79.4 72.0 7).0 72.4 i29.4
-	 ^yc K4Lf_	 CA!	 A rL0 104:. 1,29.'J id9.9 112.t ill . 4 115.1 117.7 115.9 112.3 108.6 107.5 102.9 147.4
a
z
z
ar
0
onr
ea
Table 19
MODEL SOUND PRESSURE LEVELS (59oF, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
^. lU. ,a. 30. &n. s l . 61. 70. boo 90. 100. 110.
}(0.17) { 0.35) (0.5211 n. 70110.67) 11.35} [1.221(1.40) (1_.57) (1.72)(1.92+
GROUND PLAN F-
	 Z/D = 1.16os ,
-
RADIAL
	 17;	 F r; 3U CORRECTED SPEED = 90%
{	 5.	 Ml 10J h7,1 h7.J 56.9 56.6 70.0 70.7 _70.7 71.5 . 71.3__ . 71.0 70.0 _69..1 304.0
VF-rC[-=	 R -11 128 19.1 70.7 7 0.5 55.1 71.2 70.7 70.7 70.5 bdeb 689-1 7u.0 70.1 203.5
r,(}.+F1 ;
	 CF	 6 L OU 64.8 69.) 64.8 69.1 7(3 7 7 70.7 7u.7 71.5 79.3 71.0 7J.b 73.1 105.1
LUr	 SC L4F14FrTAnr 200 73,0 74.3 73.0 71.6 72,0 71.7 71.5 72.2 70.7 69.5 09.3 67.5 10&66
nAlr	 4 / '7/76 250 7 -1.3 77.} 78.8 77 e1 75.5 74.5 75.7 8U.5 81.0 751.5 79.3 74.9 112.0
RUN	 14/7 311 73.3 75.3 74.11 74.1 73.5 72.,1 71.5 70.5 67.3 67.0 669(, 64.0 104.3TAPE 4J J 75.0 75.j 74.3 74.8 731 5 73.5 71 2 7 70..5_ 67.7 _ 57.3 b59J 68.6 . 104.8
RA?	 24.h	 rr. 5;,) 74.8 77.;7 76.5 7696
_
77,0 77.5 75.0 73.b 70 55. 5 OJ93 69.,, 107.6
(94989.	 N/N 2) 63r 1767 76eb )bed 7596 75.0 72.7 7192 7 o . t. 67.2 67.0 64.b 72.5 1g5.5
TANS	 j0,	 JF G F 808 7418 74. 0 73 * 8 75, 0 75 * 2 7 J P 7 72 7 7 7 0 # 7 67 . 7 68.7 47.6 72 . 3 105.7
(283,	 jEG	 n) 1000 7a.b 75.6 70.5 77.3 75 ! 5_ .77.2 __76.4 74.2 72.4 73 * 0 70 9 9 749b 108.4
TWET	 47.	 DFG F 1258 63.5 82.6 31.5 82,1 82,7 8 3.4 83.7 62.7 81e7 81.0 77. 9 7791 11564
t7dl .
	 a F r. 601'1 83.3 _84. 8 8_5._3 _ 84.8 _ _AA- Z 9 0.4 _9^.T89.3 _ 97 .D 83. 5 - Al 	 _ _ 221!0.
HA^I	 7.66	 ,sM/M3 2u U.,
_
87.5 92.3 9U•6 94.4 97.7 102.9 103.9 103.5 100.0 95.7 9J.b 93.7 133.7
(.00756_Kr./ M3) 2503 38.3 6695 86ed 89.4 96.0 140 . 4 102. 4 100.8 97.0 9562 92.8 90.0 131.5
NFA
	 1,1 ,373.
	
Rpm 3150 6 7 93 8893 91.5 95 1 9 97 9 7 1030 102 1 1 100 ! 7 96. 7 92.4 9 16 6 92.7 132.1
(1505.	 RAC/5EG) 4OUJ 47.7 97.2 95.2 101.3 1(14,6 110.8 . 111.1 1 .07. 6. 104_.6 1_00.3 .. V9.0 95.8 13969
NFL	 14497.	 RP14 5009 4 9.4 97 . 9 99.4 ln2.n tn2,3 11n . 7 111.7 108 . 6 104 . 3 1t12.0 951.8 96.0 140.3
(1518.. RA D / SE C1 630094 t S 95.5 9_7.3 1nD . 0	 97,8 _ it14.7 1{75 .5_ _103, 6 98.4 96.7_ _g3.3 4213
vFu
	 1 6 !00 • 	 RPH 9000 4 4.4 96,1 97 . 6 1!,191 49 , 7 101. 9 103.4 100 • 2 9 5 . 0 4 1 •9 8994 86.9 132.7
11093.	 RA 0/SLC ) 130U '3 13h.7 in6.6 ln7 . 3 ln8 , 5 1t1Rs5 108.9 109,9 105 . 5 1132.5 97.0 94 . 4 92.0 13999
40.	 OF	 R IADPS	 44 1 2500 99 & 3 98,6 tnn. 3 tnt 1 7 tn 2s8 10 32 5 10 472 101 1 6 9798 93.3 69.9 87.1 134.6
FA4	 T1 ;1 11^EO 16nou 95,1 96.0 97.7 99,5 90.5 100,5 102,7 99:1 95.3 k9 .7 87.0 83.7 13265
1245.	 F 1/SFC 20007 96 ? 8 97.7 98.7 100,7 in n # 9 1 131,t 101,6 98,0 93.2 87.5 83.8 81.7 132.0
2500-J 43.9_ 94.7 95.8_ 97,5 47,8 _ 9tl.7 99.5 96,_Z_ 901.8_ 05.4- 8C.4 _ 77.9 131.Q
31S0U 93.1 42.9 ^i4.7 07s0 96 1 4 97.4 98.0 94,0 88.2 92. 5 17.7 74.6 130.4
4000'Q 94.1 510.8 91.7 93 6 9 94.13 94.9, 95.4 92.1 65.9 79.9 73.6 11.7 129,3
50oui 35.8 89.3 90.8 92.3 92,5 94.2 94.2 90.6 84.4 77.7 72.3 72.0 129.9
530(lJ 45.4 86.9 88.7 89.7 9n.6 92.n 92. 6 89.2 8.1.2 75.1 70.9 73.4 130.7
30iJJJ 74.1 79.o 61.8 62.4 84.7 86.3 87.7 84.0 77.7 706 13 71.1 7260 129.1
CS	
1 .' Y;_1_1 TALC J:.I'r
 u 1'19.5 109.7 11(:.7 11266 113.1 115.8 117.7 114.5 110.8 1 117.1 105.0 102.9	 147.3
CIS
ca
rn
x
M
r
0d"r
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rnrn Table 20
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day)
Andes from Inlet in Degrees (and Radians)
0. 10. 2 0. 31a. $0.
`+U_ 6'1. 70. tsL+. 90. 1u11. liG.
r9 E ... 1139 110.17 ► [0.3b)cr1.521[n.7of[0. 87111.Cbl[1.221[1•a0][i.57)ti.75111.921
hi GROUND PLANE, Z/D = 1.16 -p"L6.3 -
RAn1 A k- 	17.	 FT. au - - -- CORRECTED SPEED - 100%
110 _ 6d.6 64 . 3 h5.5 . A4 ti a 7n,0 _ Tns7 _ 7.190 - 72.2 __ 7 . 0 .. 72.11 _ 71.h 7. 3.1 101.0
125 05.3 6tl.d 69.3
- _
53.4 70.2 70.7 70.7 71.5 71.5 7190 7:1.3 73.1 lu5.1
CONFIG	 CF 6 153 71.6 69.9 66.5 68.6 70.7 71.2 71.5 13.5 73.8 75.x} 70.5 76.1 1x7.5
E - 0C	 .^-1r'1,C:TAJ Y 230 55 1 3 67.0 67.3 66.6 70.5 70.7 70.7 70ob 65.7 64.0 6390 6beD 10168
DATE	 4/>7/ 7 6 250 d0.5 8 5 . 0 96.5_ 87.1 R9-0_ _8.6.0 86_..0 8 1 . 2- .. 8 15_!2 77. 0 76.0 81.8 11893..
g LJN	 1;/-4 515 72.3 7 4 * J 75.5 75.3 77.5 75.5 75.5 72.G 74.7 70.3 68.5 70.0 107.7
TAPE 400 58.8 06y .5_b8.3 _69.6 70.2 70._7 _ 70. 7 70.5--- - 6 5.7 _ 66.3 _- 155.1 - 64. Q 102!.2
aAR	 - ^a.^r
	
Hr. 53^J 59.5 o8.5
.
74.3 76.;5 76.5 73.7 75.5 75.7 68.2 73.0 64.3 09.5 107.4
[999a9.	 4/`121 530 71.3 70.8 71.0 72.1 71.5 7D.7 70.7 70.5 66.2 66•U 63.3 04ou 102.7
TAIE1	 5 0,	 LFG	 F 800 73.3 72.3 7 1. 3 72.3 73r d 76.4 7695 76.5 76.4 74.7 72.4 69.0 105.3( 283.	
.}EG	 ti3 1030 75.0 73.3 7 .098 76,6 A7,7 87=7_ 88,4 _ 88..0 9 86..9_ . _ 78.7 81.4 76.5 118..5
1wEj	 47,	 uFG F 1257 77.8 79.1 77.0 85.6 93.5 93.9 94.2 93.2 86.9 87.5 82.9 83.0 124.3
1281.
	
'' F G	 K} 160) 37 . 6 86.5 88. 8 96_.3_ 97.2_ , 94.- 9-_95.7 . 93 .8 90.Q38.0 9 .Q . •289. y 127.4-
-4ACI	 7.56	 GM/ M 3 2101 B;.5----6 .3 87.5 94.6 96so 97.9 97.7 95.3 93.7 92.2 4098 88.5 t28.2
I.O R79h^ K r / M 'i ] 25!10 5d n 85.5 9n.r1 88.4 9 t1. s7 10n-2 99.4
-
98.3
-
92.0 90.9 88.0 82p5 - 129.3
NFA
	 1S9Ag.	 RPM 3150 84 # 3 84. 1 9fe • h 8605 9 1 # 9 9 da4 9216 9 1 s7 97 .11 Ade l 62+3 81.4 123.4
11 +5 72.. R A D/5E:(; ) 40nJ 39,5 36 . 7 8a.9 R9 . 6 01:8 94.1 94,1- 89.4 84 . 6 A3.0 82.5 . 81 . 3 123.5
%FK
	 15102.	 R PM 5000 94.7 94,4 93.9 07 1 0 07 : 5 100 1 5 100:2 96 ' 6 93.6 A907 d645 8908 130.0
111507.	 RAO/SE_C?- 6300 93.11 9 3.7 94.0 95.8 01.3 1 01.2_x-0__ 91.6 94.3 91.2 89.1 87.0 133_.9
NFn	 16t	 D.
	
RP M 8000 92,4 93.6 94.4 95.6 96.7 98.2 99.1 98.5 93.2 89.9 87.0 85,7 129.4
(1611 +,.	 q A0 /5FG)j0000 140.5 101.1 102.6 103.7 103.2 1. 032.6 104.4 100 ..6 97.0 93.8 9095+ 8704 134.6
40,	 OF A1_An g s	 44 1 25 00 10 5.3 10 7.6 10 6.8 110.0 in 9 .5 109.3 111.4 107.3 104.1 300.3 97.4 93.6 141.4
F A N TIP SP EFU 150UJ 94.1 . 95.7 95.7 97 . 2 98.0 98.0 98 . 7 96.6 92.1 _ 87.7 83.5 - 81.5 129.0
138,1.
	
F T / SL: 20003 45.0 95.7 97.2 90.5 98.4 98.1 98.e 96.2 91.7 97.0 62.0 79.9 130.4
250 J 1 46.6 97 . ..5. 98._Q99.6 _ 99:,^1^.^ 01 .3 . d --A-3 9t 0 8.9 - t.4_ 13298 -
3150^ 97_.0
-
93.7
._
44.2 96.,; 95.9 96.4 96.5 93.3 86.7 83.7 77.'0 74.8 129.6
40000 9n.O 9 1.1 92.2 930 93 .9 8 - 94.4 94.9 91 1,4 . 06.7 81 . 1 7498 72.7 129.0
50;30-1 89.0 d9.8 91.1 92.3 92.7 93.5 93.7 90.9 85.4 79.7 7.190 72.4 129.7
63000 3 5.1 _x37.2 38.2 90.0. X0=4- 91-'2- 9 1J. 9- 88 2-11 84.0 _ 76.3 71.4__ - 73e4 - 130.2
brj or30 79.4 79.8 81.5 82.2 84.7 85.13 86.7 83.0 77.9 71.1 71.1 72.5 128.5
3 V EKA LL-	 CAL.CU LAti_ J 13x_9 109 . 9 111 . 0 112. q 11A . 2 110.9 107 . 2 1n3 . 7 1 u l.2- 98.8 144.9112 . 5 112.7
cbM
sMs
ar
0
r
C7
Table 21
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidiy, Day)
Angles from Inlet in Degrees (and Radians)
1. 111. en. 3u. 4,1. 51. ^C. 70. FG. 900 10u. 11 J.
cats. tr;. !(^i.17)tr-35)(r,.57) 1n.7011,}.h7 111. n5)(1.22)(1.4U1(1.57)(1•75111.y2)
GROUND PLANE, Z/D = 1.16 =P„L
•JA)) 1 A! 	 1 T ,	 F T .
h.5
6, CORRECTED SPEED = 86% (REPEAT)
t	 5.
	
11 lt+:+ 7 '1.'- 1 .'!.; 1% 3 1 7r,0 7C.7 71.5 72.2 7.e.0 72.3 71.0 69.9 1 Z4.dbFul :LE
	 4-11 125 72.1 71.E 1.5 n7.t, 72. r i 701.7 7ri.1 11.0 813.5 58.3 o9.a 7003 103.4
^F h lo 7 ) .3 7 .1.E -;9.9 71.1 1100 11.7 71.7 71.5 7(j.0 71.5 7,2.5 72.1 105.1
LUC	 sc6iE	 rr TA6 j  2 i i 7 7 .3 79. A 78.8 7 13, q 79 } n 77.7 76.1 77.5 76.1 78.0 74. ii 76.3 11"1.9
DATE	 4/27171, 2i 74.3 f1n.5 An .,I A t .4 A n.S 74.2 78.0 79.7 18.7 A 1 • u 76.3 78 .5 113.0RJti	 14/9 31:) 74.9 78.h 77.0 76.8 7,.5 74.7 73.0 71.7 6095 O7.d Ob.3 65.13 105.3
T AP = 4'i- 7tk. 3 77.8 77.n 75 2 R 75 4 r1 74 S 7 73.0 7175 61367 F8.3 b6.; b d 0 106,1
RAt	 )	 Mr y 1 7i. 8 7 6 -4 7A.S 76,A 7 K i 1' 74,K 73.0 7192 68.2 A7.0 65.1 66.3 105.9
1190q^_	 ,v/M21 6.51 79.5 7 A .5 77.5 79.1 75.7 73.7 72.5 73.2 7 U • 2 4806 65.13 6 4 01 106.7
rAM q	 5 ; 0	 n;rr.	 F 7.5i5 75.3 7o. 0 76 0 3 73;5 74,2 73, u 7 1 A2 1;7.9 158. 0 bb.6 64.e 105.8
t ?i7 f 	 I;r ;	 A) 10 u.] 7 A .a 77.5_;7. A 77.5 75,5 75.7 75.2 74,5 71.4 72.4 71.1 67.6 108.0
T,F1	 47,	 *1 12» 3 20 0 81.3 76.3 79.1 A2,5 83.7 82.9 80.5 77.4 76.5 14.7 72.x. 113.6
(261.	 liF:,	 K) 1601 82.3 81.5 79.3 6U.l A2 2 2 0 2.7 80.7 80_._5 15.2. 73.1 73.5 49.5	 - 112.7.
.4Af;^	 7.56	 ,a/^ 3 2OU0 85 9 d 66.5 666 8 8499 6 3; 7 8 194 135,9 d1.8 80.7 85.'i 75.13 74.2 117.0
(.00755	 K; 1H3) 2503 85.5 84.1 83.5 A5, 1 91.2 43.9 98.7 93.0 69.5 87.5 $4. 1 83.7 125.0
,t F'A	 1172	 .	 4P •F 315] 88.13 89. 1 8803 89.51 9 n,9 5+7,4 9 1J. C) 100 . 0 97.7 94.9 5+1 .0 88.4 129.9
i143 7 ._'gA U /SEC) AIJ.1 97.5 96.5 9b.2 98.3 00_1 108.5 111.6 10 9 .7 106.1 102.0 102.8 97.6 147.1
N;'K	 1334x.	 aa M bot)i 49. 4 97.7 9d.b luu.e 99.5 IC7.5 111.7 11U.i5 107.4 103.7 IU2.8 97.0 140.7
t14d9.	 RA7/5LCI 5375 '1 ,3 	 6 90.2_ 97.5 98.6 97.6 103.7 1(L7.7 105 .9 19	 @9 _`^8 . 2 Y ded 9 11.±7 _136.1
_4rn	 1r,13Y,	 aoM g007 95.! 97. 1 9809 ln0,5 inn, 2 1)'4.9 111 6.9 10 4. 0 100,2 96.7 93 . 3 91.4 1j5.8
t 1A,3h.	 n ► '1/5LC11 I;4.1 it, 6.1 J3/.1 111 6.7 107.7 108.9 111.1 IOd.Q 1134.0 1)8.8 9406 9309 140.4
v4.	 ') F	 -a.	 A,'Ir: 5 	 44 12-32J 41.') 96.6 78.5 9Y.7 lnn.3 '9[1 .8 105.7 102.6 97.6 93.6 530 . 1 b8.1 134.4
-A y 	 TIi.'	 Spr_c} 151:19 9i.6 95.5 '37.4 99.t1 9Q 0 3 100.5 102.9 100 0 8 9596 91.0 86.7 64.0 132.9
18 A .	 ;r 7 5FC .23117 96.3 97.2 98.4 99.7 00,9 1U9.+k 102.6 99.7 94.5 89.7 84.8 81.9 133.1
2 5 	07 93.1 94..5 -4 5.3 _97.^ 98.5 47.5 99.5 97.2 91.0 A5.b 61.9 76.4 130.7
31	 1 99-3 Q3.4 9a.7 96.5 9 15.7 47.7 49.11 96.3 89.7 A4.1 79 * e 76.3 13100
4;:n ^9 91.2 91.1 99-) 93.15 01 1 5 X14.1 96.2 93.6 87.2 A 1.6 7503 73.2 129.7
50303 g 9.3 89.5 9n.8 92.0 01 0 7 93.5 95.5 92.1 96.7 60.2 73.8 72.4 130.3
63'1^0 16.6 87.2 A8.5 A9.5 Qn.1 91.7 43.6 90.5 85.3 77.1 72.6 73.0 1J1.2
77_., 7 9.+ A 2.n A 2.4 A dA A5.A AS.a 65.3 70.2 7 1.6 71.1 72.; 134.5
1 LY A^._
	 ^.•-"^^- A 1 111.0 111=4 115,;, 111_1 116_ 112. 4 -I M8.3 10.1 132.n 147.5
c^
s
a
0
n
A
t,"
Table 22
MODEL SOUND PRESSURE LEVELS (59 DF, 70% Relative Humidity, Day)
a1
co
4a
rw
ac
>M
r
^C
Ln
v
r-
^,r
C
fns
(I. t7
75.6
71.3
75.0
8108
H3.5
79.7
aa•s
7b.5
75.6
. 15.11
7 8
8p.^
84.3
d6.5
8r.9
8$. n
99.1
A9.t
8ys4
74.5
88.7
A9.7
a .2
85.3
83.5
41.7
7S .6
Angles from Inlet in Degrees (and Radians) r,
es1.
FkE y . (n.
RAJ j Ai	 17, FT.	 bJ
vrHT'L =
	-11	 125 79.0
^0 NP 1 :
	
r F
	 16u 79.3
LOi;^H : JEr.Ts(lY	 2rJ 83.6
nAT= 4/2 V /7 F 	2b u 8s.3
RUr!	 14/1?	 315	 d5.13
TKP=_
	 400 d5p5
RAP
	 79.F3 rr:	 500 64-b
	
{99989. N/`i 21	 63J 1370TA4R b0i DFG F	 d6o d7,j(233. aF6 =0	 10::j
1 •,F ;	 47. DFG F	 1.2!^0	 69.3
1211. L) F +	 )-	 1631	 39.3
.4Anl 7.56 GM /"3	 20U:3	 4')•+,
	
( . C0756. P, r, / M 3 )	 2540 89.5
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MODEL SOUND PRESSURE LEVELS (59°F, 70 % Relative Humidity, Day)
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NON--POROUS CHAMBER (DOORS TO FIL-
TER HOUSE OPEN) CORRECTED SPEED
•
Angles from Inlet in Degrees (and Radians)
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7 d.J 72.3 71.0 71.3 59.6 t9.d 61.9 b6.5 b0-J 53. 7 a.9 / 7994 101.2
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MODEL SOUND PRESSURE LEVELS (59oF, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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5. 
-11	 13J	 51.s 78.8 72.3 +39.3 t;7:6 55.5 71.4 71__5_ 7 J t 2 70•I. o0.b 684-1	 104.4
dei1^.=	 4-1:	 ?_20	 3,x.3	 79.b	 1,J.3 13.1	 71.3	 72.3	 73.0	 13.5	 7e.7	 74.1	 7u.1	 0991	 106.6
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MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
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NON-POROUS CHAMBER (DOORS TO FIL-	 -r"L
TER HOUSE OPEN) CORRECTED SPEED = 86
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MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity, Day)
r
Angles from Inlet in Degrees (and Radians)
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i;n{A: l 	 17-	 = r. 3j TER HOUSE OPEN) CORRECTED SPEED = 90%
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iUN	 7b/4 3t7 73.0 75.1 74.3 73.1 71-n 72.7 71.7 70.2 67.0 6707 6000 66.3 104.7
T A22 4jo 77.5 73.3 73.0 73.1 73.2 73.2 72.2 727(1 b0.5 56.5 bb-b b5.0 104.7
3AR	 79.5
	
13 i66 77.1 74.9 74.1 7.1.8 7d.n 73.2 72.7 71•s 59.3 58.;9 b4.3 56.3 104.9
0951 5- 	 4,021 bSJ 33.j 79.5 .81.5 79.5 77.5 74.2 75.0 71.5 7{}.4 66 0 b bb0 g 67.n 106.5
TA13	 q1	 J?i 930 77++3 75.5 76#5 75c; 7 1q,j 74 # 7 74 1 0 74 1 0 59.5 49.2 66.6 67.3 106.7
4373_	 :rF^	 S! 1330 74 0 0 79_5 7R,3 79,3 n 4_2 %I. d AO.S g 0:4 7 8.4 7 0.0 73.4 74.b 112.5
In=r	 74 7 1203 31 1 1 80.3 79.0 8J 7 9 '83 6 2 84.7 9175 85 # 3 83.5 75.7 79.4 77.0 116.1(295,	 ^s;	 ci . 15Ju
-
_81.9 84.6 _84.4
_ R 2_3 96,0 . _98.2 66.8_ 5S.E! __ . 79._5_ n	 1. 790* 1 8.3_
91	 ;4/13 23?) 4-t -684.5 9^.5 9^.8 40.5 9;.2 1l J•7 1x3.5 102.3 99.0 46.0 94.6 92.2 132.7
<: / M 3 ) 27JJ 35.0 85.3 85.1 9J-i 94.2 15.7 101. 31 101.3 9b,0 96.4 1, 1.4 g 1 • Y 131.5
14p
	 14793-	 Qp1 315J xd1 J 67. 1 87 .0 42.4 Q 3 r2 94. 1 10 2.9 10 212 VB 6 5 93.9 gl ob 9Cr04 131.9(2540-_^40/g,;) 4J . 0a __ . +12.J 92,7 93.2 97.5 45.3 . 104,3.106.6 1Q0 ..7 LQ.J- 4 4 g , 0 9704 9-0 136.6 -
N F J	 +44 g j.	 o?'l 511a :0 d . 4 95.4 97.4 1 n t . 3 119.5 117 . 1 ln9.5 108.9 13591 36003 yg•3 96x5 139.0
1517. _5.33 _?.3_t2_ 94.1___9b.y._ _ yi p 5.I_Q0 -0 14J•.1 10.5 .4 .4J)_4	 ES ;_^U.4 96.4_ 9	 .b . _9 I * 7 ._^^4.a -
VFj 1 417.	 411 gJ00
'47#6 9415 9415 9 713 97,3 1J0 lj 100 15 10211 97.9 93. 1 gU .5 86, 1 132.0
[14.39_.	 t+G/3E;)IJ73u 104_1 103.9 105.4 107.1 101-1 . 137.i 102.2 109.1 1U5.1 190.9 ii7.5 93.2 140.2
v7.	 3 7 	3_AJV 4 	 4 125JJ 10 i*0 3 9 .5 103 .8 10293 16i$8 102.5 103.7 104.3 iiOo6 95-Ej 91.7 87.9 135.2
=A+	 I l i,	 , 2 74i 153JJ 3-, 915„1 95.8 93.1 0 q -9 100-4 131.0 300.9 95.7 01.1 116.4 93 n tl 532.4
1291.	 =T i 7=; 26'111 4 d-? 105.4 95.6 10 7.3 93.5 91.5 99 - 8 19.7 10407 31004 0400 aC).b 131.9 
0_2! _s	 .,? __ y ,	 tS 90. -L 93-5 90.7 _ 97.8 9^^_^^.l^6`J.!! [1010 77.4__1 Qo6	 .
11 ill 44.1 89.5 9n.7 9z. g Qa.9 94.1 04.4 93.7 99ol 41-7 76.1 73.2 127.0
4aJ73 10 3,3 64.7 93.6 96 * 2 99+1 00;3 g l•3 g 1;0 65.8 77.7 70aW 71-•u 125.7
i?7'10: '49 . 91 A2.1 R3.5 A5..3 43.4 97.7 A9:2 88 - 1 93.9 75.5 65 . 5 72.1 124.6
- 5.33:0.. 75 1 7_ - 76 t-J 77.0 83 1 8 _82 7764 8 5 f! 5; 85 0 60._1 _7376 67.2 73.b 124.1
1313?J 7)_5 71.5 72.7 73.1 7R_ 6 g A_2 41- 4 80.4 74.6 4b.i+ 68.b 72.7 123.8
7^ = 'tALl	 ^a te ". J,AT z a I j 9_ 3 iJS.i 1019.3 111.0 1113 113.9 113.8 I19.5 111.5 107.4 IU409 1020 4 146.2
x
m9
Ar
M
M
n
e^
r-
Table 27
MODEL SOUND PRESSURE LEVELS (59 oF, 70 % Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
]• 17• 27. 30. d,1. 00. 's:7. 77. '3 u . 10u. lull• 110.
(]•
	
}(a.17}(ne3,) (0.321(n. 731(.1. 37)(1.15 1(1.72)(1.4]1(1.571 {1.7n}(1.101}
NON-POROUS CHAMBER (DOORS TO FIL-- IP"'L
JAJ ( A L 	 1^;	 = r: y^ , TER HOUSE_OPEN) CORRECTED SPEED = 	 TOOX
{	 ^•	 ^! 170_ . - 35.^ 55,E _ 75.5 57:a 77 ; ,5 7 !,i 72.3 73. j? 72.,0 72.8 72.6 72.1 107.0
VE1l^^F	 2-11 123 31.1 94.7 74.3 S7. j 71	 9 7;1.4 72.5 73.3 74.3 74.0 )J.0 74%o 107.9
' ]v= i .;	 ',=	 5 lba 5 2 . 3 8 1.3 73.0 47.1 77,5 7 2.] 7J,3 74.3 74.0 75.4 76.0 710.0 10a.6
_0!: 233 51.6 83.3 71.8 56.9 72;2 7u.i 71.3 7U.0 b3.3 53..5 b4.0 06.0 103.7
1 41=	 771:7 6 .244 35.,1 3903 93.0 31.5 119.5 54.7 82.7 84.2 b1.0 75*4 77.4 19.0 116.4
7Jv	 25/i jl^ 31.3 34.4 83•.,1 54.a 83.2 7v.2 77.5 78.5 7b•,, 719,3 72.4 74..5 112.10
rat? 4;] 7 7 511 7 5 . 1 b^ • S # 3 .3 72 - 3 7 1.5 72 . 2 71 9. 4 44.7 5bv 4 04 •0 54•u 103.3
3A3	 73,10	 is 131 7 4.-) 73.0 75.5 15.3 77.3 71.2 7x.2 60.2 78.0 59.0 b0.1 03. 0 110.2
{395105.	 4/4?1 530 73.5 73.5 73.d 73.1 79.3 74.2 75.0 76.5 1S.7 57.3 04.10 04.0 107.7
TA44
	
1 1.	 ].-;	 r J30 73-a 74.0 72.3 61.1 F0 .g 79.5 8 0 . 0 5 0 .1 77.7 75•t 74.4 74.o 112.1
{3 j 3.
	 11Ea	 {] 1j1j 72.6 74.3 bz•0 00.7 88:2 39.4 91.2 9c1.b bv.w 9j./ 04.1 b 4-U 121.!3
TN={	 74_	 LJ-; 31.3 31.3 54.9 95.1 04.2 97.4 99.5 9d.4 93.11 02.7 69.7 85.v 12606
;295.
	
J = am	 ^} 1594 Y3.1 83.1 b6.j 44.5 109.5 IjQ. 7 10	 • 7 1rJ1.r.0 ita0 95.1. -103•_3_ 102.3	 _ 132 .3_
4A: f J4.A3 94.1 67.1 91 . 6 Q6.2 4 9 .2 160.2 97 . 11 94.7 63 . 4 9G.6 69.7 129.7
(.	 1593	 " :: / 131 23.10 53.0 3501 55 . 3 V3. 1 9,.2 1an • 2 1x0.7 99.0 93.7 92.7 65+.0 07-1 130.0
vFA
	 1543-J.	 ;?Pl 310'1 S4 53.1 8b•l 00.b 89.7 44.9 90 . 0 i► 5. 0 101.0 88. 1 6404 6,3 . 7 125.5
t1721.^-(a
	
/5 4000 33:2 35.] 85,9 8576 97;1 95+9 90 7 6 94x2 W O-4 Btl . b db•.f 00. 4 125.9VFi	 16111 1737 03.? 03.4 07.; 1 In. 1 1'1 15.7 1')4.7 101.4 97.0 a4-0 95•tl 90 . 3 134.5
(15	 h. r '1sDZ5: ^S;LZZ. 1 2 .7 '72.10 _ 04. 3 9d-2 1L1 _i^-1- _1_i3^2;•5 _131, 1- loth ii8 . 4 ^73 .y 	 ;^.6 69•^ _._ 1^ •^
vin
	 1+^1^0	 ;,^ 5031 4 1 . 5 93.1 03.9 06.8 00,4 132-S 101 . 3 99.4 96.1 Q 2 . 4 6
90 ,4 67.1 132.0
tl!,85.
	
{•'175=^11.J ?3 6 7.3 l3 161 . 2 102.3 1ni.3 134.55 105 . 3 101 . 5 9796 93.V VQ*J 88.14 135.1
VJ or	 a.-'a rt=3	 44 12300 135_4 137.5 10 5.6 1010.i 1130 111-1 11 2.2 108.9	 13 4 .3 1")0.5 914.4 94. 1 142.3
^V	 T 1 ,0 , 3' 4j74 104.1 90.3 107.0 99« 5 100.1 100.E 10!3.1 i1 4.1 39.1 04.10 d1.a 131.3
1471.	 `T/^=^ 2337] 9 ?.2 9 3.7 95.1 97.2 07.5 99.1 49.3 97.4 9 	 •ii '17.10 t33.,i 79.0 130.8
531 _ . 74.0 94.10_972 -ti	 5 103s2_.iQl . ^ 96.4_ 10.4.0_ 37.0 a2.b 79sa_ - 133!^-
T 31073 37.tl 99.7 9J.7 92.9 43.5 45.5 93.9 94.0 66.5 91.4 75.10 73.0 128.6
41 :	 7 94.3 85.7 39.1 83.9 9n.9 93.1 93.3 -0.5 . 6 5 . 0-- 715._3 71.4-t (.72 • 	- 127.1
aj03J 30.a 52.1 34.3 55.5 89 7 0 9u.3 9097 d3.1 51.7 74.14 08 .V 73.0 126.1
'Sj'1lj _ 77 .1 77.3 147.5 ^12.1 R4.9 57.1 39.2 55.0 79.9 7p.9 57.4 75•- b 125.9_
8 3jjJ 77. 0 71. 3 75.5 14.4 93.1 d2.5 32.b b0.2 73.1 67.0 06.0 74.4 124.6
7 + r^atir	 ^a,.,J_AT?u 109.1 10,?.4 111.5 111.3 113.1 114.9 115.6 112.10	 103.3 i±J5.3 113., lUG. 4 145.11
w
Angles from Inlet in Degrees (and Radians)
3. 10. 23. 33. '43. 31. 60. 75. c)(j OU, lu u. 110.
a . 6Z? L0.7J .!*71(107s5(1,y1!
NON-POROUS CHAMBER (DOORS TO FiL- ''%L
TER HOUSE OPEN) CORRECTED SPEED = 86% (REPEAT)
S5vJ 64.a 71.5 _66.9 69;5 7U,3 7L..3 74, U 71.9 71.6 74.0 59.6 10697
53.5 31.7 73.5 500 5 d% 4. 71.1 72-J 72.3 71.5 73.1 7U*J b9.l 10600
^i-1 19. 3 7j.0 55.1 11:d 11.3 7100 /200 9 5 .6 7U.3 7l•.4 7 0 • •1 i0$ n 1
30.0 79.3 74.6 ? J .w 74.2 94.2 72.z 74.7 7'3.0 73.0 07.05 70 . 9 118-1
9	 .3 79.3 15).^, 11.5 82. j 7i1. 1 79.1 93.5 94 9D 8 3 • ., 7405 79 - U 11	 .4
79.3 79.3 77.5 77.1 73.2 74.7 73.7 12.2 6470L 5deD o7.3 69..5 106.9
79:1 75.5_. 7310-4 75.1 7;5, 1 74.5 73.5 72-.7 5545 S9,U bb93 65.3 106.4
77:3 75.5 75.r3 75 ; 1 74;3 78.1 7,5.2 71.5 b5.1 50-u 65.b b4,5 105.5
74.3 73.1 77. u. 76.5 7-;.5 75.7 7 4,2 73.0 73.2 89.5 67.4 66.5 107.1
77. J 77. J 77- U 77.3 77 1 0 76-7 73.5 73-2 71.2 71.1 p41.1 b6.b 107.9
77.5 77.9 79.0 79.5 8015 81,2 75,2 76.7 75.9 71.[ -09e i 66av 110.9
31.,1 30. 1 6u-8 5z.a da . J 55.2 84.5 02 . J o1.0 7d . 0 7J * d 1 200 115.4
9_.3	 7V4b
_$,-4_ .9-2.9 q 3,e3 93.2 82.5 90.{) .--7-g.1__74o. )_ 74.0 7 1.6 _ _113.d
54.1 34.1 8246 S3.9 83.2 55.7 87.G 64.0 '3'1.7 71.t 770u 750u 116.7
;J 3.3 53.1 8301 6 4-4 H3.5 n-9.2 90.9 91-b 4 U.0 37•Z 01 9 1 91.0 122.0
y 3. J d7. 1 tl5-a Kb.9 13 45.4 99.4 1:31,0 4ii102 )6.1 v u .b a0os 130.6
83.2 94.3 94.7 43.4 97.3 105.5 11U.3 11J.2.1j^5•9 +03.11 104.e_ 400.•3 13907
95.) 94.9 96.11 99.5 trij.0 105.5 112.3 111.0 10606 1 113.10 10291 1DD0U 14103
94.7_93.1 _ 94.7 _96.5_ 98..5_ k0?, •4 10_? .t_ 54.1 304 _
 1j6_J ._
91.3 94.3 9505 97.3 98.3 99.S 103 . 8 104.5 9909 4b-b 95.,) 5900 134.0
133.9 105.9 iob.7 10 6 .1 103.1 176.2 101.9 108.1 102.9. 9805 V50b 93.7 140.0
44-,5 9505 97.3 95.7 99. 0 1GO. 5 1 0 2.2 103.1 9-4.3 44.5 W U .4 87 . 4 133.4
;12,7 `51.1 46.0 97,5 98e6 1U005 1D1..5_10U p9 i5-i -91 .0 67.q 1x4.6 132,4
0Q.} 95.7 96.5 96.5 99.8 11n.1 99.8 99.1 9304 A909 b4*0 8095 131.9
_sf^z`3 - -93.2ti- _._32_.,2_. 44..E 94:7 _ - i0' _,2 - 97&2 95.3- qW."_ _0. b_ -ak" 7Z 0k - - I 29,, t-
35.0 8903 9005 9205 42.13 94.1 94.4 93.4 08.3 S1.9 76.1 74.4 127.6
5d.3 5x50:) 87.0 e5 .a 9;).3 91.2 90.7 84.9 b702 77.9 71.1 7201 125sD
51.) 61.7 53.7 8340 95.4 5/.5 86.4 57.3 01.b 74.7 67-14 71.b 124.3
77.1 77.5 5j-	 2 9344 82.5 8x.2 84.d 84.&4 7&.1 71.3 67.1 7.304 121 .0
71.4 73.1 74.8 72.) 79.7 53.1 80. 9 00-D 73.4 67.0 00*0 71.5 123.4
cV
M
x
M
31a
7m
Table 28
'A 	'MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day) 0
cV
CIA
;jAa/1 yL	 , ^. = r.	 57
^. 5. 4)
	
130
YF-ii:-E	 j^11	 Ldd
:3v = F3	 6	 150
JAN' 7 111 7 5	 235
2J,4	 26r5	 31^
fA':
	 4103 44	 Ji.^	 3],]
	
1 /12)
	
53)
TA`17
	 80• ^J=i P	 grJ
	
(300= Ors t)	 1J3;J
	^2')5-_^ :i. ;)..	 150
-4A= 19.13 a y /MJ
	
23t7J
	
1 - 01 4 13	 =/ 4 3 )	20OJ
vFq 14135- VD4	 .5153(14d0.. .JAU/5E-) 4D- OU
VFA 13853
_ 4 A17	 533]
!1451
	
374
VFJ 1610C'
	
5000
[1686. -1AJ/SE„)15000
NO. JF 4i_AU w S a4 123)0
= A w
 r I ? 3 P ^E0
	
15]00
i 29d.	 211119
2a=J,^
3173]
40:,0.1
53)JJ
5]710
o4^^J.Ar r-u 1iF.7 Lod.l 1+79.0 113.7 111=0 313.5 it ,5.8 116.7 112.7 lfl9.0 105.2 lud.b 	 147.0
Table 29
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
as
z
0
ea
9
^A01,1 	 1 7 . ^F.	 SO
^; y i9^_
	 ^-if	 120
:,^v = 1+ 	 :¢ 5
	 1yJ
-0:	 SO-4 : v_-TAIY	 201
uAF7 7/t/73
	
731
2Uv 26/7	 31^
FA? -	 s:IJ
3A q	 ?9.5 ti:	 533
	
f09 p aS, N/121	 531
1 A h3
	 50. J 1'3 =	 d 0 v
(3 302	 1 370
Tn? t
	
7G. 1=	 -	 ld^^
__L.2 7 ^ ^.? ^ <1_ . 15 9
^A)r1a.13 .H/M3
	 2]3;7
	
1 -^i y 13 'S ^l y 3 } 	23):3
vF4 11 375 , aati	 31 Z0
01 105__440/5Lv1 IIOQO
0,4 1113?. 40M	 a9JG
_ (UbZ-r7! ► Q t _S E ^-- .42^
VFO 15130. gay	 3000
1 1645. RA0/SE1?19100
V0. )* 3_Au25 4 4 123)0
- A V T i p °Cr7	 15790
	
941• 'lly^^
	 2333)
-	 --	 -	 31500
43000
51]00
03373
3313)
	
.1.	 10.
fJ.	 lf]•i7
1 10.5_ 7tl.
77.3 78.E
	
75.,3	 75.3
77.1 13.5
	
91.9
	
81.1
	
3 2 1 .0	 82.1
-31:_1 ___ Q.l
79 j 3 77,3
	
30_1	 70.5
79.5 78.5
77.3 _75.0
	
75.,1	 75.3
	73 0
	
79.,1
5 3 . 1- 00.5
3 1 .9 8205
__53.7 .84.5
	94 7	 85.7
5 5-j  87
9 5.3 97.1
	
55.1	 39.9
97.3 55.4
	
94.11	 96.1
57_4 854 1
SS_3 87.7
	9d  .J
	 94.5
74.5 61.4
7-,.7 77.7
72.5 73.1
	
53.0	 58.1
	2 	 d0.	 4 1.	 73.	 50.	 7 7.	 tla.	 90.	 lUU. -110.
	
iIo.3>>1u.521t0.1011J.57	 1.051(i.22	 1.4ufi1.5711A,/5113.yc^
NON-POROUS CHAMBER (DOORS TO FIL-
TER HOUSE OPEN) CORRECTED SPEED = 69Z (REPEAT)
1^.7 0ysio. 07 1 10	 14.]	 71.0	 71 . ,3 - 7004	 7004 - 1111.1	 117.10	 105.4
75.5 73.1	 71.5 73.3 73.3 13.0 70.1	 14.1 li 9S o9.Y	 106.10
11.3 71.1	 7R.3 72.5 611.0 09.0 67.9 68.1 67.0 07.4
	 103.5
	
76.5 77.4 71 1 3 77.5 72.3 12.5 bi64 7101 71. 11 7daV	 107.$
8n•5 A,.t
	
77.8 73.9 75.7 73.3 72.2 7190 ?job 67.0	 109.2
	
9 1.3 91.1 79 8 77.5 75.2 74.5 71.4 7p.a 09 *J 58.1	 109.9
	
._..79.3
	 7 9 .1 -7 R.8	 76-1. -74,2_ 72.._5_ 7A•2_ 5D. v.6	 6594	 64-td	 108.0
7 5.0 75 9 3 74 1 3 73 l S 72 77 71 7 0 b y .1	 47.J b9-,S b3.5	 105.7
	
74.0 75.3 73.3 75_3 73.7 72.3 70.1 58.8 07.4 b3.b	 107.7
7
6.0	 777.] 7!1:1
	
7,
. a 76.5 77 7
 1	 7 7
	
6 3.5 7 11 . 3 66.6 50.8 64.1 63:1	 106.6
	
7,.5 75.3 74.5 75.1 72.d 09.b 63097 sb.b b.S./ 6164
	 106.2
	
76Afz._.15.1 __7A.5.._ 7 5:.1_ 72.5_ _7U-9_1 03?9_7-_5^a, _,!-_0 ^_7_ 51 9-0_	 1-C.5.
	
76-b 76.4 77.6 8 J • 2 75.0 72.1 b604 66.1 0400 6300 	 108.7
	
79.8 81.9 74.3 91.0 75.9 7J.8 70.9 59.1 0764 0465 	 110.3
	
82.3 82 . 5 6 1 95 52.7 8 1 .2 79. 0 75. 1 72.4 0600 68.7	 i13.0
	
a4.1 84.6 84.2 . 54.3 83,9 81.2_ 770 .1 _754 72.1_ 7 1 . 1..	 115 .2
	
85 * 9 86.E 85 1 8 di ad 9Z.5 62,4 79.0 76.11 73.5 7 1 .0	 116.7
_§5
--[i yo.i1 _Rg•1- s9.2 3594 95. 6 - -5 1. 3 77.Z
	990 1]19 0 10314 135.5 106 . 5 104.7 101J 6 9 95.4 94.2 90 . 3	 136.6
	
9064 92.1 92.6 9463 94.0 92.4 5703 52.9 81.4 7a.4 	 124.8
	
0060 9 1 .5 9013 9 0 . 1 9 0 . G 87.9 5245 78. 1 75.4 73.7	 121.7
	
94.9 95.3 97.7 96.4 97.8 46.5 90.6 46.6 (32.4 60.0 	 124.4
89.4 91 7 4 0't;9 1 193 99.5 67.7 d105 76.9 7.4.0	 704 9
	122•6
0 1.5_ . 04.°5 _ O1+5 _94.9 9 	 90.4 8
-
b ._2 79.1 T 74.3 722,4
	81.9 9J.1 an* i 93;8 39 1 4 66.2 8065 73.2 66.4 65.5 	 123.2
	
83.5 4 0.1 R i 1 4 87,3 85.2 821.4 75.4 A7.9 62.8 61 .6	 120.4
	
79.1 91.3 8 1.5] 44.d 81.9 18.8 72.5 l44.0 bU.7 62 6 b	 119.97b_.2 77.4 78.2 51.2 76.6 77._4 69.1_ 5241
	
oua b 6402	 118.2
71.0	 7].9 7 ,).?	 73.5 71.7 bi.3
	 52.5	 i 13.ii 5991	 5400	 116.0
a V e
	 171.3 101.5 1n2.8 105.4 ln5.7 104.1 107.9 105.0 LG109 	 95.6 9b.1	 92 . 1	 -138.6
cry
.:-q
Angles from Inlet in Degrees (and Radians)
G. li,. 20. 3c-, 40. 50. 60, 70. 80. 908 1000 110. 00	 0.
tG• )t^^. 17 ) t ^.35)( p . 52}( o, 7 p 1[0.87)[t.051[i .221[1.401{3.57111.75) {1.421c0. 1[0.
BASELINE CLEAN CHAMBER (REPEAT) s+wi`
CORRECTED SPEED = 54y .
70.0 69.3 68.8 66.8 65.3 65.6 67.7 68.5 68.1 68.0 66.9 65.8 101.1
7a.7 75.3 75.1 72.3 71.3 71. 9 73,2 73.3 73.1 72.7 72.2 70.6 106,4
0.2 66.0 66.8 67.3 68.8 67.L 66.9 70.0 72.3 65.7 70.7 72.0 103.4
7d.7 75.J 74.3 72.1 71.1 70.6 68.7 68,8 67,8 66.7 63,9 63.0 103.0
78.5 77.5 77.8 76.8 75.8 73.6 72.7 70.5 7093 70.5 68.4 65.5 106.6
79.0 79.d 7P,6 77.0 77.1 75,1 73,2 71.8 69,8 68.7 66,9 66.0 107.3
74.0 74.3 73,8 72.8 71,8 70.4 68 9 4 66.3 64,6 64,5 62.2 59.3 102.3
71.2 11.0 71.6 7C.8 59.8 69.1 67.9 66.5 64.8 64 n 0 61.0 58,5 100.9
72.7 73.3 73.1 72.5 71.8 69.9 67.9 66.3 65.0 64.7 62,5 59.5 102.0
71,7 72.5 72.6 72.2 71.6 69.8 67.9 65.8 64.5 64.4 62.7 59.5 101.8
69.2 t9.8 70.3 70.2 69,8 68.3 66.4 63.8 61.3 58.9 5892 56.5 4906
7J.0 71.1 71,6 71,3 7 p .3 68.3 66 9 4 64.0 61,8 59.7 58.8 56.0 100.2
71.0 71.3 72.1 71.0 70.8 69.3 67.4 64.8 62,3 61.2 58.4 57.0 100.8
73.5 74.6 7d.d 74.3 73.6 72,6 7 191 67,6 64.3 63.1 60.2 6090 10397
70.7 77.3 76.4 76.6 76.3 75.1 73.1 70.0 67.1 64.9 62,4 60.9 106.1
7 1'1.0 79.3 78.6 7901 79.2 79.3 77.6 73.8 70.5 67.6 66.0 64.9 109,4
6U * 6 81.2 81.5 81.8 81.9 81.7 80,0 76.5 72.5 70.2 68.2 67.6 112.0
64.1 83.9 84,2 85.J 84.6 83.1 80.4 76,4 7392 71.1 .68.9 67,5 113.9
94.7 94.2 95.5 95.9 96.4 9503 93.6 89.6 85.9 84.9 81.7 8094 125.9
84.3 85 . 6 86.3 8792 87.9 87.2 8 4.5 7999 76.0 74.3 72,1 7 0 .6 117.2
84.0 85.2 86.0 8	 .0 88,1 87.4 84.9 8002 7505 73.1 7104 70,2 117.4
v4.5 92.4 93.R 94.7 93.6 93,2 92.9 87,9 83,4 80.0 77,8 75.9 124.5
0 4.2 65.2 87.1 8 ,9.1 88.2 86.3 85,5 81.0 75.5 72.6 69,8 69.6 118,2
63.4 85.4 87.0 89.41 94.6 91.2 88.3 84.2 79.0 74,1 71.4 69.4 122.6
ou.6 81.,1 84.6 85. 86.8 87.4 85.5 80,7 74.1 68,8 66.5 6506 11805
77.8 78.1 81.0 83.1 8305 83.0 81.9 76.6 69.0 64,9 60.6 61.7 115.7
70.8 74.5 77.5 76.7, 6u..3 79.5 77.8 72.1 64.7 61.0 58.1 59.6 113.3
74.8 72.2 75.0 75.3 76.2 75,7 73.6 68.3 61.6 58 0 8 57.3 5807 111.4
i2.9 X8.4 70.7 71.1 71.9 71.6 69.0 63.2 59,0 58.0 5692 58.6 10999
',7.4 E2.7 65.0 64.5 64.9 64.1 6 2.8 59.2 55.9 53,9 54,1 55.9 107.6
c^
xM
s
as Table 30
MODEL SOUND PRESSURE LEVELS (59aF, 70% Relative Humidity)Day) 0
C2
C2
f QEW,
50
63
RACIAL ...17. FT C 	_	 60
{	 5. t)	 100
VEHICLE
	
k-11	 125
CON F If+	 CF ^	 lap
LCC SCHE %, tZT A C Y 	210
DATE 6 111/ 7b	250
R-UM 30/J --	 315
TAPE	 4U0
BAR
T
 29.9 nG 
y	
5J
O
	
1GIC39. N/ M 2}	 6JV
TAMH 84. itE6 F	 SJC
	
(302. IjE6 K}	 10J1)
TwET	 75, _ ^.kG K	 1 25 0
	
( 297. uEG K)	 1600
MACT1 6 .88 6 m l "3	 20ii0
	
( .01686 Kks /V3)	 2500
NFA 9901. RPM	 3100
i 932. PtAL /SEC) 4000
NFK 8694. RPM	 $OOq_
( 910. - A U/SEC) 63i1U
NFD 16106, RPM	 8000
(1686. mAC/SEC)100UO
NO. O F BLAuES 4 4 125UG
FAN TIP s p tE12	15000
	
771. FT/5EC	 20000
150+.10
31500
400J0
50000
630UG
dCUej0
:!VkRALL C A LCJL 4 7tO 9099 yc.a 99.6 100.4 101.2 99.9 98.4 94.0 89.9 87,9 85,d 84.1 131.0
Table 31
MODEL SOUND PRESSURE LEVELS (59oF, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
G2
M
z
r"
a
r
0
r
.r^
ss
a
U.	 1G.	 70.
IJ.	 ) {{'.1 7 1 [:1.35)
]1.2 71.0 70.3
75.7 76.0 75.6
71.5 7u.3 69.3
74.5 70.3 76.3
81.2 60.3 80.3
81.7 82.3 81.3
79.0 78.8 7d.A
75.7 75.8 76.1
71.5 77.8 78.1
71.7
	
77.5 77.8
74.2 74.8 74.8
73.5 74.8 75.6
7-3,2	 75.1
	
74.9
77.2 77.6 77.1
1-4.2 78.8 79.E
81.0
	 81.1	 81.1
83.4 83.7 83.5
64.1	 +34.7	 8594
84.9 85.9 87.3
94.3 96 .1	 98.1
87.0 88.7 90.0
81.3 88.4 89,6
s-J .2 94.4 93.9
66.11	 88.a	 89.5
80.6 88.2 91.6
83.5 84.7 87.8
/919 81.1	 83.3
70.4 77.0 79.5
71.7	 7 2 .0 74.6
rb.1	 64.9 57.7
30.	 40,	 50.	 60.	 70,	 800
10.521(0.70)(0.87)(1.05)(1.22)(1.401
BASELINE CLEAN CHAMBER (REPEAT)
CORRECTED SPEED = 69°'
69.4 67.1 67.8 70.5 71.0 70.2
73,1 71.8 72.3 73.5 73.3 72.9
70.1 70.3 64.5 68.5 69.0 68.7
74.1 73.3 73.0 77.0 71.0 68.9
79.9 78.3 76.5 74.7 73.0 72.2
80.6 79.1 77.5 75.7 74.0 71.9
77.8 76.3 74.5 73.2 71.0 69.2
75.8 74.3 73.8 72.7 71.3 69.1
77.6 76.6 74.8 72.7 71,3 70.1
77.8 76.6 74.7 73.0 71.0 69.1
75.i 75.3 73.7 72.0 7090 67.1
75.1 7398 72.0 7095 68.1 "0596
74.9 73.6 72.5 71 9 0 68.3 65.7
77,6 76.8 75.5 73.5 70.8 6699
80.h 79.3 78.0 75.9 72.3 69.2
81,4 81.3 80.2 7899 75.0 71.4
84,1 83.2 83.1 81. 8 77.5 74.3
85.8 8596 85.5 84.7 80.6 7793
88.5 88.4 87.9 86.4 82.9 78.3
101.8 103.7 105.1 10591 101.9 96.1
92.3 93.4 9398 93.2 90.2 84.8
91.3 90.9 91.1 90.0 86.2 81.0
97.9 98.0 98.2 97.1 93.8 88.4
91.7 91.9 91,6 89.6 86.0 79.9
94,3 9491 9398 93.1 88.2 82.8
90.5 9190 90.2 88 * 8 83.9 77.6
85.3 86.4 86.7 84.2 79.6 73.3
81.0 82.3 82.5 8094 7596 68.6
76.6 77.3 78.1 76.3 71.3 65.3
71,5 71.1	 71.9 70. 8 69.1 61.7
90.
(1.571
70.4
73.9
68.4
69.8
72.3
70.8
68.6
67.8
69.1
68.5
63.3
64.0
63.8
54.8
67.0
69.2
72.8
75.8
76.0
93.4
81.7
77.6
84.4
75,7
78,0
71.6
66,6
63.3
60,2
59.5
1000	 110,	 0.	 00
(1.75)(1.92)(0.	 )(0.
FWL
6904 6805
	
10304
7294 71.3	 106.8
68.7 67.8 102.7
70 9 4 71.5	 10508
71 9 4 68.8	 109.1
69.7 66.3 109.8
66.7 63.8	 107.0
65.0 62.5 105.5
67.2 64.3 106.9
67.2 64.2 10698
64.7 63.0 103.0
62.3 60.2 104.0
62.1 60.5 10490
63.4 62.2 10696
65.7 63.7- 109.1
68.0 66.2 111.1
7092 68.8 11397
72.9 7100 11691
74 9 2 72.7 11893
9194 8991 135.0
7994 7794 124.1
75.8 73.4 12197
81.8 7991 128.9
72.9 7091 12297
74.8 72.4 125.8
670 64.5 122.9
62.4 60.4 115.0
59.6 58.6 117.6
57.4 58.5 115.9
5490 55.6 114.5
FREu.
0
03
RADIAL.	 1.7• FT.	 ea(	 5. M)	 100
VEHICLE
	
R-11	 125
CONF16	 CF 6	 100
LOC sCHENtCTADr	 2UG
UATL 8 /11/ 7 6	 250
RUN 30/A	 315
TAPE	 400
8AR 30.0 MG	 500
	
(01172. N/r2(	 h.10
TAMb 85. ,-jEG P'	 13 0
	
( 303. uEG K)	 1000
TwET 75. UEG F	 1250
	
(297. DLG K)	 1600
HACT1 8 .57 4M/ N 3	 2000
	(.01857 KG/M31	 2500
NFA 11384. RPM	 3100
(1192. RAD/SEC) 4000
NF K 11109. _RPM	 5000_
(1163. KAD/SEC) 63J0
NF0 161 00 , R P M	 8000
1168b. R A UiSEC) 100{30
NO. OF ?LAOES 4 4 12500
FAN TIP SPLECI	 16000
	
9n6. FTISEC	 2Q0J0
250UO
.S15J0
40000
5GLi.iC
03uo")
90000
6VER A LL CALCULATti7 11.1.8 1e00.6 102.1 105.1 106.1 107.0 106.6 103.3 97.7 94.8 92.7 90.5 137.4
00
Table 32
MODEL SOUND PRESSURE LEVELS (590F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
inMz
r
ra
r
r+^
C7
ae
q0.
{1.571
72.1
7206
70.6
71.0
81.0
69.0
68,03
67.8
69.3
70,7
68,0
72.0
71.5
77.2
83.7
91.1
99.3
101.7
49.2
94.3
97.9
93.3
90.9
67.4
84.4
79,8
76.1
72.0
68.4
69.2
2e.	 30 . 40.	 500	 60,	 700	 80.
(^•	 )fC.171(G.15}10.521(O.7u1(0.87}(1.05)(1.221(1.401
BASELINE CLEAN CHAMBER (REPEAT)
CORRECTED SPEED = 86%
69.8 b8.8 66.3 67.1 fi6.1 70,8 72.0 72.3 71.8
72.3	 11.0	 72.5 69.4 66.3 71.3	 73.0	 71.5 71.3
'3 7 .1	 r7.8 6 ,5.8 b7.b 67.6	 70.8	 71.3 71. 8 70.0
1s.3 74.8 74.3 75.1
	
72.8 74.0 73.5 74.2 73.5
7i.n
	
7b.6
	 S i-.6	 80.5 80. 8 	79.2 78.0	 81.5 83.7
76.0	 76.3 77.! 77.4	 7n.1	 75.2 74.0 72.2 6997
77.8 77.5 76.5 74.6 75.1 74.7 73.5 72.4 68.7
74.5 74.6 75.D 75.1 73.8 74.0 73.5 72.2 69.0
7 .^ .5	 17.1
	
76.o	 75.6
	
15.6	 75.0	 74.0 72.5 70.2
73.8 /n • 3 77.6 77.3 76.3 73.5 74.2 73.2 70.5
75.0 75.0 75.5 77.J 76.6 75.4 73.2 73.0 72.2
71.9	 78.6 77.8 77.3	 76.J 77.5 78.0 74.5 75.5
76.3 B0.6 79.6 78.6 7798 77.2 76.2 75.0 7092
0,1.3	 61.6	 82.6 60.4 81.3 80.7 8 1.0 80.5 74.7
bu.b 50.6 81.1	 82.1	 85.3 88.2 90.7 90.0 85.0
65.R P6.1	 83.8 85.1	 81.3 96.9 98.9 98.7 95.5
41.0
	
9b.b	 93.7	 97.6 100.9 107. 8 109.1 106.9 101.9
95.7	 96.7	 97.6 99,0 101.4 109.7 112.0 109.1 105.1
J4.5	 93.4	 93.7	 97.0	 911.6 102.9 107.4 105.3 101.4
9,3.1	 94 .1	 94,b 97. 0 96.9 98.1 1 4 2 . 3 101.1	 97.9
lU[.6 105.4 105.7 107.8 108.2 109.3 107.5 106.9 101.6
y4.6 94.9 96.3 98.5 99.6 100.1 102.5 101.1 96.8
9c.5 93.4 94.6 96.9 98.0 99.9 100.6 99.0 94.5
X4.2	 44.7
	 96.2 97.1
	
9b.4 100.3	 99.1	 96.7 91.7
y ,J.4 90.5 9 2.1	 93.5 94.6 96.8 96.8 94.2 99.6
86.6 89.2 90.3 91.7 92.5 93.7 93.8 91.1 86.4
84.7	 35.3 87.0 87.1. 88.9 94.4 89.7 87.1 81.9
b1.2 81.5 83.3 84.0 65.0 97.2 R6.7 d3.6 78.4
7/.5	 77.5	 7?.A	 IV.,i	 80.6	 83.3 82.7 80.8	 74.3
/.1.2	 71.a	 73..2	 72.3	 73.1	 84.6	 80.5	 79.1	 71.8
1006
(1.75){1.92)10.	 I(0.
PWL
71.5 69.6	 10406
71.0 70.1
	 105.1
7110 6909	 10400
68.0 66.9	 106.3
76.0 78.3	 114.1
67,5 66.1
	 107.0
66.3 63.3	 106,3
65.3 62.6 105.5
66.9 63.3
	
106.7
68.4 64.3 107.2
65.4 64.3 10696
66.7 65.6 109.0
6795 66.3 108.9
69.3 72.5 112.8
80.8 78.8 120.2
8891 87.0 128.6
95.8 98 9 4 137.4
99.8 97.6 140.4
94.6 91.4 135.9
90.5 8896 13109
9500 92.3 139.5
90.7 85.9 132.7
87.1 82.9 13193
83.8 79.7 131.0
80. 9 75.5 128.5
74.7 7191 126.6
69.6 67.7 124.2
8697 66.9 122.7
66.5 65.6 121.5
69.7 63.4 122.6
F4,t.,j.
9L)
03
R A DIAL - 17. FT.	 9u
1	 5. r-1 1	 3 J 0
VEHICLE
	
4-11	 125
CONFIt: 	 CF h	 itU
LOC	 SCHL ".cCT A L Y 	2tir
uATL 6 1111 76 	2nu
RuN 30/5	 315
TAPE
	
4J0
OAR	 30.0 ni,	 5 j0
1111172. N/`21	 3_
T Amt 85. A6 F	 0jo
( 3113. L, F_ 	 K )	 1 000
TwLT 75. Ukv F	 12 Z)
	1297. LEG K1	 1630
KACT1 8 .57 G M /'"3	 ?COu
	
(.01E57 KG/ M 3)	 25uC
NF A 14205. RPM	 31;)o
11487. RA U / 5EC) 4000
NFK 13862, " P "	 5000
(1451. RAL /SEC) F3uU
NFD 1610u, hip "	 8000
(168b. KAU /5EC)IOGOn
N0. ^j F- ^L A ^LS	 44 i15ub
FAN TIP SPCEO	 1n00o
12311. FT/5EC 21•uj;f
250uL
315JO
4'UUU
50 jo
f? I y .. i
hr :.111
V	 'L	 L	 7.r 1;,K.2 110	 111.3 114.9 11/1.3 11.2 109.9 106.7 103.7 102.6 145.9
.-I
cpMZ
Table 33
MODEL SOUND PRESSURE LEVELS (590F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
0. 10. 2n. 300 40. 500 60, 70. 80. 900 100. 1109 09	 01
FREQ. i0• 1(09	 1
5o BASELINE CLEA« CHAMBER (REPEAT) 'ML
RAX 1 ALL.	 1 i . _ F T . -	 _
63
<30 CORRECTED SPEED = 90^
(	 5•	 M) 100 06.1 64.0 65.8 64.4 70.3 7G.8 71.0 71.0 70.0 70.3 69.8 69.1 103.6
VEHICLE	 R-11 125 7u.1 69.5 70.8 67.4 70.3 70.8 72.0 71.8 7098 72.1 71.3 70.4 10498
coNFI6	 CF	 6 160 67.8 6c.4 66.0 66.1 70.5 70.8 71.3 72.0 70.3 71.1 71.8 70.6 104.4
LOC	 SCHENECTADY 200 7a.6 71.8 71.0 69.9 72.7 72.5 73.0 71.2 67.5 6 8 .0 67.0 63.9 104.0
DATE 81111 7 6 25C 70.5 76.3 76.5 77.1 76.7 78.2 79.7 78.7 79.7 82.5 81.0 74.1 113.1
RUN . 30/a, - _ 315 75.5 75.3 73.8 73.9 75.7 73.5 7 2.2 70.7 67.2 68.0 67.3 64.6 104.8
TAPE 4u0 74.5 73.5 73.3 73.1 73.2 72.5 71.7 70.2 66.7 67.0 65.1 61.8 104.0
BAR	 30.0 hG 500 7393 72.5 72.8 72.0 73.8 71.0 72.5 7092 67.7 65.8 64.3 63.6 104.3
401172.	 N/Pr21 630 6u.5 eO.1 79.0 77.6 76.5 7'.2 73.5 71.8 67.7 67.0 64.9 63.6 107.0
TAM H	85.	 1LE6	 F 800 75.5 74 .6 74.8 74.8 75.0 74.2 73.5 73.2 70.0 69.0 66.4 63.1 10599
003. uEG K1 1000 75.3 73.5 73.0 74.3 76.2 75.9 7` 3.2 74.2 7299 69.2 68.4 68.3 1069&
_-Tw^T	 749 - 11EG	 F 1250 77.5 76.6 76.3 78.1 80.3 81.5 R 1.0 81.5 80.2 75.5 72.4' 7291 112.7
(2960
	
LEG
	 K} 16QO 80-6 81.6 82.1 83.9 86.5 90.2 9 0.5 88.3 84.2 82.7 62.0 8 1.3 120.2
HACT17.61
	
6M/143 2000 85.3 85.1 86.3 85.9 95.2 100.2 102.2 100.0 96.7 94.5 9400 4 1.0 13192
(•01761	 KG/M3) 25u0 8 0 .1 85.1 94.6 87.6 95.2 98.7 100. 4 98.8 94.7 9592 90.6 89.0 12999
NFA	 14848.	 RPM 31DO 85.5 149.1 83.3 84.6 95.4 99.6 100.L 98.0 94 9 2 89.4 88.8 879-0 1299&
11555.	 HAD/SEC) 4000 8 9 .2 90.3 90.7 97.8 104.1 107.6 106.8 103.9 100.7 97.3 97.3 95.9 13694
NFK	 14489. RPM 5000 94.9 95.4 9599 98.5 106.8 111.5 111.2 107.1 103.8 100.0 1.0093 99.1 140.3
(1517.	 RAi?/SFC) 6300 94.5 93.7 96.2 96.0 190.3 106.9 108.9 105.1 101.9 99.9 94.8 93.8 137.J
NFD	 16100.	 RPM 8000 92-3 93.3 93.5 9698 97.6 102.6 103.6 101.1 96.9 93.6 90.7 88.6 132.9
(1686.	 k*D,/SEC)10000 10''j. y 104.7 105.9 107.1 107.3 107.8 110.5 10796 103.9 100.7 96,0 96.0 140,1
NO.	 OF RLAUES
	 4 4 125UC 500.1 49.2 100.3 102.0 103.0 103.3 106.0 10299 99.1 95.1 92.0 89.5 13596
FAN TIP SPLLL 16000 9j.,j 93.7 95.3 97.9 99.7 100.4 102.3 99.0 9593 90.4 87.4 83.4 13293
128b,
	
FT15FC 20000 93.8 95.0 95.0 98.7 98.9 99.9 100.6 98.0 93.5 89.0 85.1 81.5 13197
25UOO 41.2 91.8 93.1 94.6 96.1 97.6 98.9 96.0 90.9 86.0 82.2 77.3 130.0
31500 60.2 R9.0 90.3 92.6 93.0 94.8 95.3 92.4 87.3 82.1 76.8 72.9 12797
40000 84 9 1 85.2 86.4 88.0 89.7 91.3 9 1.8 89.2 83.3 77 n 2 7L ► 7 69.6 12595
50000 b1.4 81.4 83.0 85.2 8696 88.9 89.1 87.0 80.8 74.6 68.7 68.3 12497
b 3 000 1 6 .0 77.5 78.6 79.9 82.7 85.3 8595 83.6 77.6 70.4 6790 67.1 12317
o0UG0 73.6 719b 73.7 73.6 79.6 81.3 8 1.9 80.2 73.6 69 0 5 70.0 64.0 12490
VVK HA LL CALCUL A TE,.+ 1,;6.2 107.a 105.7 110.4 113.0 116.1 117.1 113.9 110.3 107.2 105.0 103.7 146.6
0
r
a
ey
cc
000 Table 34
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity, Day)
Angles from Inlet in Degrees (and Radians)
0.	 10.	 20.	 30.	 40.	 50.	 *an,	 700	 80.	 90. t00. 110.	 O.	 0.
F?Ed. Iu•
	
)(a.17l(0.35)(U.52)(0.7O)10.87)(1.05)(1.22)51. 4 0111.5 7 1(1.75)11.92)(0.	 )c0.
	
7u	 BASELINE CLEAN CHAMBER (REPEAT)
fi^.IU AL _17. FT . 
- 
_	 69
53	
CORRECTED SPEED - 100%
	
PW1-
(	 5. M1	 130 64.1	 43.8 64.0 b3.4 70.3 70.8 71.0 71.5 71.0 72.1 7195 7191 104.5
VE H ICLE	 Kl11	 125 l ! .3 t6.3 69.6 65.4 70.3 70.8 71.8 72.3 73.0 74.3 74.0 73.1 106.2
CONFIG	 CF h	 16U '+-).1	 tt. 8 66.(i 65.4 70.3 700 b 72.3 73.5 73.8 74.6 75.8 74.1 106.9
LOC	 SCF-ENtCTA`JY	 2U L, •x4.3 65.F 156.8 67.9 71.7 71.5 72.0 70.7 	 )4.3 64.5 64.3 62.4 102.4
DATE 8 /11/ 11)	 2,30 d4. L}	 o?.0 89.A 91.9 913.0 85.7 81.7	 80.0	 8 1.0 81.0 79.3 79.1 114.0
RUN _30/7
	 J15 19.8 )A 3.`j 85.5 87.4 85.5 81.7 78.0 76.0 7790 77.3 7595 75.1 11497
TAPE	 4UC o^.3 a6.0 57.3 69.1 70.7 70.7 71.0 70.2 64.2 65.3 63.8 61.1 10199
BAR 30.0 nG	 500 47.0 +58.5 139.8 71.5 72.0 75.0 75.0 78.2 74.7 68.5 68.6 6293 107.2
(01112. N/N2)	 600 06.5 69.3 7C.3 70.6 72.0 73.5 73.7 76.0 72,5 67.5 67.1 62.8 10596
TAM6 85. UEU F
	
8U0 70.5 69 9 3 58.8 69.8 72.0 73.7 74.2 74.5 73.2 75.0 74.6 73.6 10794
	
1303. 1,E:G a1	 1000 70.0 75.5 81.8 86.5 88.0 88.2 91.2 90.5 90.9 85.7 85.1 82.3 122.0
TrLET . 7a. -4E47 F _ _ 1.250 6J,O 79.6 82.6 9U.1 9590 95.2 96.5 95.8 92.7 90.7 86.9 85.1 12608
	(296. i1EG K1
	
16u0 33 o .6 82.1	 91.6 96.4 100.5 101.2 102.5 99.8 97.0 95.5 95.2 92.8 132.3
MACT17.6. pr-'/ m J	 20UU 62.8 d2.d 9941 94.1 100.5 102. 4 103.0 99.5 97.5 96.5 92.8 90.3 1324
	
(.017 ,)1 KG/ 1,1 3 F	25ju	 -39.6	 1~4.1	 90.3	 98.3	 98.2 102.7 103.2 101.3 	 96.5 94.9	 92.6	 87.3 132.4
NF A 164 99 . kPM	 31]0 6c.3 1x2.6 A3.0 65.4 91.4 95.1 94.4 91.7 88.5 86.4 84.3 7857 124.2
(1727. R A 0/SEC) 4U00 8 4 .7 65.5 66.2 87.8 93.6 95.6 93.3 90.2 87.7 85.5 85.1 80.1 124.2
hFK _	 KP.14 ---- . 5000 VJ.4 94 . 2 04,1 98.0 105 . 8 108 , 2 104.2 102 . 1 98.8 95.5 97 . 3 90.6 116.1
11666. KAO/SEC) 63UC 94.0 94.7 95.0 98.5 102.3 106.6 104.7 104.3 101.9 97.7 94.6 91.5 13506
NFD 16100. RP M	8000 9,5 . 3 9 3 . 6 94.5 9 5. 0 9 8 . 6 103.6 101.1 97.4 94.4 91.3 89.0 86.4 131.6
	
(1666. RAir/SE.CI1C000	 96.6 99.7 99.9 101.6 101.3 103.8 102.0 99.6 96.6 92.4 90.0 85.3 133.5
NP. OF 4L A .ES	 44 12500 I0-.9 1u7 . 4 107.6 IC9.0 109.3 111.6 109.5 107 . 6 103.1	 98 0 3 97.0 93.0 141.3
FAN TIP 5PtEb	 16U00 44.3 95.2 96.e 98,2 99.7 101.2 100.1 46.7 93.3 89.2 86.4 82.9 131.4
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Table 35
MODEL SOJND PRESSURE LEVELS (59 0F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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BASELINE CLEAN CHAMBER (REPEAT)	 PWL
CORRECTED SPEED - 86% (REPEAT)
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Table 36
MODEL SOUND PRESSURE LEVELS (59°F, 70% Relative Humidity,Day)
Angles from Inlet in Degrees (and Radians)
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